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ABSTRACT
Cd-tRARATIVE EFFECTIVENESS OF EXPOSITORY AND DISCOVERY METHODS 
IN  THE TEACHING OF LINEAR PROGRAMING TO HIGH SCHOOL PUPILS
COLIA, P Ie "o , M .E d ., U n iv e rs ity  o f  th e  W 1tw atersrand, 1986
T h is  rese a rch  re p o r t  In v e s tig a te s  th e  com p ara tive  e f fe c t iv e n e s s  
o f  e x p o s ito ry  and d is c o v e ry  te a ch in g  o f  l in e a r  p ro g ra m in g  to  
h ig h  school p u p i ls .  Two groups o f  p u p i ls  a re  se le c te d  fo r  th e  
two te a c h in g  approaches In  a non-random way: p u p i ls  o f  h ig h e r 
m athem atica l a p t l tu d e /a b l1I t y  a re  ta u g h t by d is c o v e ry  methods and 
p u p ils  o f  low e r m athem atica l a p t l tu d e /a b l1I t y  a re  ta u g h t by 
e x p o s ito ry  m ethods. The r e s u lt s  would In d ic a te  th a t  th e  p u p i ls  
ta u g h t under e x p o s ito ry  methods b e n e f l t te d  f a r  more th an  d id  
p u p i ls  ta u g h t under d is c o v e ry  methods. P o s s ib le  e x p la n a tio n s  
fo r  th e  r e s u lt s  a re  g ive n  and th e  In creased use o f  d is co ve ry  
methods In  th e  te a ch in g  o f  m athem atics Is  suggested In  o rd e r to  
Improve p ro b le m -s o lv in g  s k i l l s .
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The te a ch in g  and le a rn in g  o f  m athem atics have aIways been c e n tra l 
concerns In  ed u ca tio n a l re se a rch . S ince m athem atics Is  a 
fimderoer*;al to p ic  In  school c u r r lc u la f th e  d e s ire  t o  Im prove th e  
e f fe c t iv e n e s s  o f  te a c h in g  has s t im u la te d  a broad range o f  s tu d ie s  
des igned to  unde rs tand th e  n a tu re  and developm ent o f  m athem atica l 
a b i l i t i e s  a id  th ose  school program s o r  te a c h in g  s t r a te g ie s  th a t  
produce op tim a l le a rn in g . Taken as a w ho le, re c e n t re se a rch  on 
m athem atica l a b i l i t i e s ,  le a rn in g  and te a c h in g  has produced few 
broad o r  s t r i k in g ly  new r e s u lt s  su g g e s tin g  m a jo r Improvements In  
e f fe c t iv e n e s s  o f  school m athem atics program s. The c o m p le x it ie s  
o f  human le a rn in g , th e  m athem atica l s u b je c t m a tte r  and th e  
s c h o o l-s o c ie ta l s e t t in g s  fo r  In s t r u c t io n  seem l i k e l y  to  f o i l  any 
search f o r  such m a jo r b re ak th ro ug hs . (B a u e ra fn ld , 19Z9).
In  1 le u  o f  th e  r .  i e  qu es t f o r  s U tp le  h o s t methods o f  te a c h in g  
m athem atics, Fey .1 9 /0 )  c la im s  th a t  we m ig h t see In  th e  p a tte rn  
o f  re c e n t rese a rch  th e  p/om lse  o f  s o l id  p ro g re ss  In  a number o f  
s p e c i f ic  problem  a re as . Research u s in g  con ven tion a l d e s ign s  and 
da ta  c o l le c t io n  te chn iq ue s  has a ls o  Improved In  th e  la s t  ten 
ye a rs . F o r exam ple, th e  work o f  Good and Grouws (19 77 ) In vo lve d  
t r a d i t io n a l  e x p e r im e n ta l-c o n tro l group com parisons o f
In s t r u c t io n a l tre a tm e n ts . Whereas p re v io u s  s tu d ie s  o f  t h is  typ e  
made l i t t l e  e f f o r t  to  assu re  d e l iv e r y  o f  w e l l-d e f in e d  tre a tm e n ts . 
Good and Grouws (19 77 ) checked v e ry  c a r e fu l ly  (b y  classroom  
o b s e rv a tio n )  to  ensure th a t  th e  experim en ta l tre a tm e n t fe a tu re s
w ere e f fe c te d . They chose rese a rch  s i tu a t io n s  w i th  ca re  to
m in im ise  v a r ia t io n  due t o  i r r e le v a n t  fa c to rs }  th e y  made sp e c ia l 
e f f o r t s  t o  c o n tro l fo r  Hawthorne e f fe c t }  th e y  con s ide re d  
c a r e fu l ly  th e  ap p ro p ria te n e ss  o f  t h e i r  chosen c r i t e r io n  measures 
-  a l l  problem s th a t  had m e th od o lo g ica l fla w s  In  e a r l i e r  rese arch  
In  m athem atica l ed uca tio n .
R ece n tly  th e re  has been a tre n d  among m athem atics ed uca to rs  
w orldw ide  t o  t r y  t o  make school m athem atics more re le v a n t and 
a p p lic a b le  to  pu pM s* l i v e s .  In  th e  USA, In  response to  
"m in im a l competence”  mandates from  S ta te  and lo c a l Government, 
th e  N a tio n a l C ouncil o f  S u p e rv iso rs  o f  M athem atics (N .C .S .M .) In  
1978 d r a f te d  a p o s i t io n  paper on b a s ic  s k i l l s  th a t  emphasized th e  
fo llo w in g :  problem  s o lv in g }  a p p ly in g  m athem atics In  everyday
s i tu a t io n s }  a le r tn e s s  t o  reasonab leness o f  r e s u lt t t }  e s t im a tio n  
and ap p ro x im a tion ) re a d in g , In te r p re t in g  and c o n s tru c t in g  
to - ie s , c h a r ts  and graphs? u s in g  m athem atics t o  p r e d ic t}  
com puter l i t e r a c y .  Among th e  Impending developm ents, th a t  w hich 
o f fe r s  th e  most c e r ta in  p ro sp e c t f o r  s t r i k in g  In flu e n c e  on school 
m athem atics Is  th e  emergence o f  m ic r o -e le c t r o n ic  te ch n o lo g y . In  
tw en ty  y e a rs  th e  com puter may be a b le  to  pe rfo rm  e ve ry  c o g n it iv e  
fu n c t io n  o f  human be in g s . A lre a d y  po cke t c a lc u la to rs  can 
se r o u t in e  com puta tions th a t  school m athem atics programs 
much tim e  te a c h in g  t o  young p e op le . Here th e  cha lle n g e  
to  . «search  and developm ent Is  to  de te rm ine th e  knowledge and 
s k i l l  s t i l l  im p o rta n t f o r  v a r io u s  In d iv id u a ls  to  a c q u ire  and th e  
b e s t methods o f  te a c h in g  th a t  s k i l l  and un de rs tan d in g  In  a 
com puter-enhancid e d uca tion a l environm ent.
th e  m athem atics e d u ca to rs '  In te r e s t  In  f ln d ln o  Improved classroom  
te a c h in g , te ach er p re p a ra tio n  and c u r r ic u la  has been complemented 
by g e n e r ic  re se a rch  In  each o f  these quesLlons -  as a m ajor 
school s u b je c t,  m athem atics bias been In vo lve d  In  s tu d ie s  o f  
te a ch in g  l i k e  . th e  In te ra c t io n  a n a ly s is  work o f  F lan de rs  <1970)i 
th e  s tu d ie s  o f  te a ch e r c h a r a c te r is t ic s  l i k e  th ose  o f  Ryans <1960) 
o r  Cooney <1980), o r  analyses o f  c u r r ic u lu m  development l i k e  th a t  
o f  W alker and S c h a ffe rz lc k  (1 9 7 4 ). In  a d d it io n , m athem atics 
e d uca to rs  need to  pay c lo s e  a t te n t io n  to  te se a rch  emanating from  
p sycho logy. P s y c h o lo g is ts  have proposed th e o r ie s  o f  development 
e x p la in in g  e v o lu t io n  o f  pe rcep tua l and rea son in g  a b l t i t l e s  and 
s p e c ia l l in k s  between m athem atics and c r i t i c a l  a f fe c t iv e  
v a r ia b le s . Between 19C0 and 1930 th e  te a ch in g  o f  m athem atics
Has n o tic e a b ly  In flu e n ce d  by T h o rn d ik e 's  "The Psychology o f  
• j ' l t h n e t lc "  (1 9 2 2 ) and "The Psychology o f  A le e b ra " (19 23 ) <yid 
B ro w n e ll 's  S tud ie s  o f M eaning In  A r ith m e tic  (1 9 4 7 ), The 
d w e lop m e n ta llsm  o f  P ia g e t <1952) and th e  s t r u c tu r a l  Ism o f  B runer 
t  i96 0 ) l a id  Im p o rta n t groundwork fo r  th e  "New M ath" th ru s ts  and 
Gagne'c new be ha v iou rism  (19 65 ) p ro v id e d  psych o lo g ica l r a t io n a le  
f o r  In d iv id u a l is e d  In s t r u c t io n  and school acco un ta b)11ty  
I n i t ia t i v e s .  S l.ice  then p s y c h o lo g is ts  have p la ye d  a m a jo r r o l
In  th e  c o n tin u in g  c o n tro v e rs y  ove r d is c o v e ry  le a rn in g , w h ile  
con tem poral'v re se a rch  on te ach in g  and le a rn in g  o f  m athem atics Is  
gu ide d  b y  in fo rm a tio n -p ro c e s s in g  models genera ted  w ith in  
p sycho!ogy.
11 . a ,  ^  ..
VI t  wou ld be u s e fu l t o  c o n s id e r  Ideas on c o g n it iv e  developm ent In  
r e la t io n  to  human le a rn in g . One o f  th e  most d i f f i c u l t  ta sks  In 
b u i ld in g  a th e o ry  o f  c o g n it iv e  developm ent Is  se p a ra tin g  th e  
e f f s c t s  o f  m a tu ra tio n  a id  exp erien ces bo th  In  and o u ts id e  o f 
s c h o o l. Tlio e a r ly  hopes th a t  P ia g e t 's  < 1952) Ideas would 
p ro v id e  e com prehensive developm ental framework fo r  c u r r ic u la r  
arid In s tr u c t io n a l p ra c t ic e  In  school m athem atics have g ive n  way 
to  r e a l is a t io n  th a t  m athem atics ed uca to rs  m ust look fo r  more 
complex con ne ction s between developm ent and th e  le a rn in g  o f  
s p e c i f ic  m athem atica l concep ts . Skemp <19?9J s tre s s e s  th a t 
hunan be ha v iou r is  goal d ire c te d  and le a ix iln g  Is  geared towards 
s u r v iv a l . C arpenter <1900$ p .23 ) s e ts  th e  agenda as fo llo w s :
” Wliat Is  e s s e n t ia l Is  th e  c o n s tru c t io n  o f  good 
measures o f c h i ld r e n 's  th in k in g  and th e  
I d e n t i f i c a t io n  o f  s p e c i f ic  re la t io n s h ip s  between 
perform ance on those measures and th e  le a rn in g  o f  
{ w r t lc u la r  m atliem atlc.al concep ts . Whether these 
measures f a l l  in to  an o rd in a l s c a le  Is  n o t c r i t i c a l . 
f t  Is  Im p o rta n t, however, th a t  th e  measures o f  
n h l ld r e n 's  th in k in g  p r e d ic t  w ith  some accuracy 
.•hi td i- f in 's  a b i l i t y  to  le a rn  s p e c i f ic  m athem atical 
• •uncepts and s k i l l s . ”
S in  •• l in e a r  programming de a ls  e s s e n t ia l ly  w ith  problem  s o lv in g , 
sen.1 ■ titnarks on t h is  to p ic  have been In c lu de d  In  th e
1 - I f e l o n .  K i lp a t r ic k  < I9 69 ;p .62 9 ) surrmarlsed th e  s ta tu s  o f
F< ‘ ii w  s o lv in g  rese a rch  as fo llo w s *
"The prominence o f Increased p ro b le m -s o lv in g  a b i l i t y  
as a  goal o f  m athem atics In s t r u c t io n  has lo n g  been 
ad m itte d } b u t l i k e  th e  w ea the r, p ro b le m -s o lv in g  has
been more ta lk e d  about th an  p re d ic te d , c o n tr o l le d  o r  
u n d e rs to o d ., . .  Problem  s o lv in g  Is  n o t now be ing  
In v e s tig a te d  s y s te m a tic a lly  by m athem atics 
ed uca to rs . Few s tu d ie s  b u i ld  on p re v io u s  rese a rch , 
few s tu d ie s  have an e x p l i c i t  th e o re t ic a l r a t io n a le " .
X /
D e sp ite  Im portance o f  p ro b le m -s o lv in g , s tu d e n ts  f in d  " s to r y
pro b lem s" and m athem atica l puzz les  v e ry  d i f f i c u l t  and te ach ers  
exp e rien ce  f r u s t r a t io n  1n te a ch in g  p ro b le m -so lv in g *  and th us  
fre q u e n t ly  g iv e  I t  le ss  a t te n t io n  tlta ri reason suggests.
K i lp a t r i c k 's  (19 69 ) own th e s is  r e d ire c te d  th e  fo cus and
m etlw do logy o f re se a rch  on p ro b le m -s o lv in g . Po lya (19 57 ) had
p re v io u s ly  o u t l in e d  a genera l th e o ry  o f  key  stages In
p ro b le m -s o lv in g , in c lu d in g  a v a r ie t y  o i s p e c i f ic  s tra te g ie s
u se fu l In  each s ta ge . K i lp a t r ic k  s ta r te d  from  th is  fram ework, 
b u t in s te a d  o f  fo c u s in g  s o le ly  on th e  p ro d u c ts  o f  
p ro b le m -s o lv in g , he researched th e  m ental processes t h a t  s tu d e n ts  
used a lo ng  th e  way to  success o r  fa ! lu r e .  T h is  emphasis on 
process ra th e r  th an  p ro d u c t and on c l i n i c a l  In te rv ie w  rese a rch  
methods has had enormous In flu e n c e  on p ro b le m -s o lv in g  rese a rch . 
T h is  rese a rch  has abandoned th e  search f o r  a  s im p le  b e s t method 
o f  te a ch in g  p ro b le m -s o lv in g  in  fa v o u r o f  more b a s ic  s tu d ie s  o f  
component v a r ia b le s  In  th e  com plex p ro cess . C onsequently, 
re c e n t rese a rch  c o n s is ts  o f  sm all s te p s  o f p ro g ress  r a th e r  than 
m ajor b re ak th ro ug hs . In v e s t ig a t io n  Is  p roceed ing  on seve ra l
c lasse s  o f  v a r ia b le s :  " ta s k  v a r ia b le s ” , " s u b je c t  v a r ia b le s '*  and 
" I n s t r u c t io n a l  v a r ia b le s " .  P rog ress lias been made In  Id e n t i fy in g  
problem  d i f f i c u l t y  fa c to r s  and th e  ways th a t  problem  s t r u c tu r a l 
fe a tu re s  In flu e n c e  s tu d e n t processes In  sea rch  o f  s o lu t io n s  
(G o ld in  and I'tcC) In  bock, 1979). S o v ie t rese a rch  has con ce n tra te d  
on un de rs tan d in g  th e  c o g n it iv e  processes o f  succe ss fu l problem  
s o lv e rs  ( k r u te t s k l1> 1976). A number o f  co o rd in a te d  s tu d ie s
have g ive n  prem ise  th a t  p ro b le m -so lv in g  h e u r is t ic s  can be ta u g h t 
s u c c e s s fu lly  ( L e s te r ,  1900, S choenfe ld , 1979), The fa c t  th a t
th e  N .C .T.M . (N a tio n a l C ou nc il o f  Teachers o f  M athem atics) has 
made p ro b le m -s o lv in g  th e  to p  c u r r ic u la r  p r i o r i t y  o f  th e  1980 's  
In d ic a te s  th e  Im portance fo r  c o n tin u e d  rese a rch  in te r e s t  In  t h is
M athem atics ed uca to rs  have e xp lo re d  th e  p o te n t ia l o f  d is c o v e ry  
te a c h in g  ve rsu s  e x p o s ito ry  te a c h in g , u s in g  advance o rg a n is e rs  and 
po s t-o rg a n  1s e rs  fo r  In s t r u c t io n ,  a d ju s t in g  te a ch in g  approaches to  
c a p i ta l is e  on a p tI tu d e -  tre a tm e n t In te r a c t io n s  and v a r io u s  
In s t r u c t io n a l m edia. The r e s u lt s  have se ld o n  been unequivocal
o r  c o n s is te n t from  one s tu d y  to  th e  n e x t, b u t seve ra l s tu d ie s  
s tand o u t.  In d ic a t in g  fundam ental problem s fo r  th e  f i e l d .  
Worthen (19 67 ) e xp lo re d  one fa c e t  In  th e  d is c o v e ry -e x p o s ito ry  
te a ch in g  co n tro v e rs y  In  e le m e ntary  m athem atics, f in d in g  th a t  
t re n d s  fa vou re d  e x p o s ito ry  te a c h in g  fo r  lim e d I a te  r e c a ll  and 
d is c o v e ry  te a c h in g  on r e te n t io n  and t r a n s fe r .  O lander and 
R obertson <1973) con firm e d  t h is  p a tte rn  b u t found an In te ra c t io n  
between method and s tu d e n t p r io r  know ledge o r  a b i l i t y ;  weaker 
s tu d e n ts  seemed t o  b e n e f i t  from  e x p o s ito ry  te a c h in g  and s tro n g e r  
s tu d e n ts  frcro d is c o v e ry . The sp e c ia l va lu e  o f  th ese  s tu d ie s  Is  
th e  sug ge s tion  th a t  s h o r t- te rm  and lo n g -te rm  le a rn in g  outcomes 
a re  in flu e n c e d  by d i f f e r e n t  a sp ec ts  o f  In s t r u c t io n  and th a t  
adequate assessment o f  In s t r u c t io n  re q u ire s  m u l t .p ie  c r i t e r i a .  
T h is  1s o f  c e n tra l In te r e s t  t o  th ose  who a re  concerned abou t th e  
Im pact o f  a c c o u n ta b llI ty - In d u c e d  tre n d s  tow ards more fre q u e n t 
te s t in g  In  m athem atics . T h e re fo re , I t  seems p o s s ib le  th a t  
In s t r u c t io n a l approaches th a t  a re  dem onstrably e f f e c t iv e  fo r  
s h o r t- te rm  g a in s  a re  fa r  le s s  e f f e c t iv e  when measured by
Im p o rta n t lo n g -te rm  g o a ls  end th a t  p re ssu re  fo r  Immediate 
m easurable r e s u it s  d is t o r t s  c u r r ic u lu m  p r i o r i t i e s .  The re c e n t 
d e c l in e  In  p ro b le m -s o lv in g  a b i l i t y  has been w id e ly  a t t r ib u t e d  to  
such overem phasis on e x p o s ito ry  "S how -and-te l 1 -a n d -d rl1 1 "  methods 
and n e g le c t o f  c h a tle n q ln g  p ro b le m -s o lv in g  a c t iv i t i e s .
In  o th e r  d i r e c t io n s ,  rese a rch  based In  m athem atics e d uca tion  has 
te s te d  A u su b e l's  <1963) th e o r ie s  about m eaning fu l ve rb a l
le a rn in g . Romberg and W ilson (19 73 ) found th a t  p re s e n ta t io n  o f  
p o s t-o rg a n is e rs  m ig h t have a n e g a tiv e  e f fe c t  on le a rn e rs , perhaps 
c o n f l i c t in g  w ith  th e  concep tua l I s a t !  on o f  know ledge th e  le a r . ie rs  
work o u t f o r  them selves. These r e s u lt s ,  ccmblned w i th  work on
programmed In s t r u c t io n  In  w h ich  s tu d e n ts  s u c c e s s fu lly  lea rn ed  
from  a program p re sen ted  !n  re v e rs e  o f  • • lo g ic a l"  o rd e r ,
unde rscore  th e  fundam ents! Im portance o f  s tu d e n t In te rn a l
o rg a n is a tio n s  o f  m athem atica l 'ideas. Thay suggest t h a t
know ledge s tru c tu re s  b u i l t  up by s tu d e n ts  m ig h t be v e ry  d i f f e r e n t  
frcm  what m ost te a ch e rs  Im agine th e y  a re  convey ing .
There have been seve ra l te s ts  o f  Cronbsch and Snow's (1977) Ideas 
ab ou t a p tltu d e -t re a tm e n t In te ra c t io n  (A T I)  e f fe c t s  In 
In s t r u c t io n .  The le a rn in g  o f  m athem atics seems t o  be d r iv e n  
s t r o n g ly  by In n a te  n a tu ra l a b i l i t i e s ,  th e  background o f
p re v io u s ly  a cq u ired  know ledge and th e  In te rn a l s t r u c tu r e  o f  Ideas
them selves th a t  few sh -v rt- te rm  m oderate a lte r a t io n s  In  th e
te a ch in g  approach have any n o t ic e a b le  e f f e c t  on s tu d e n t
ach ievem ent. M ost ATI s tu d ie s  In  m athem atics have used
r e la t iv e l y  s h o r t  tre a tm e n ts , o f te n  ad m in is te re d  In  th e  a r t i f i c i a l
en v iro nm e nt o f  p ro g ra m e d  In s t r u c t io n a l m a te r ia ls ,  th a t  I t  would 
n o t  be s u r p r is in g  I f  th e  tre a tm e n t v a r ia t io n s  a re  overwhelmed by 
background fa c to rs .
There have been some s ig n i f i c a n t  d if fe re n c e s  In  In s t r u c t io n a l 
re se a rch  In  th e  fo rm  o f  r "  >nt p ro ce ss -p ro d u c t s tu d ie s  o f  
c lassroom  te a c h in g  In  m athem atics . As com parisons o f  novel and 
con ven tion a l methods re p e a te d ly  In d ic a te  "n o  s ig n i f ic a n t  
d if fe re n c e ” , rese a rch  a t te n t io n  has re fo cuse d  on th e  s p e c i f ic  
c lassroom  In te ra c t io n s  th a t  occu r In  te a c h in g . The f i r s t  
o b je c t iv e  was to  c h a ra c te r is e  and de ve lo p  procedures fo r
d e s c r ib in g  moves t h a t  s tu d e n ts  and te ach e rs  meke (F e y , 1970} 
Sm ith and Meux, 1963). N ex t, re se a rch  sough t p a tte rn s  o f  
In te r a c t io n  th a t  c h a ra c te r is e  e f fe c t iv e  o r  In e f f e c t iv e  c la s s e s . 
Several s tu d ie s  <E ve rtso n , Owner and B rophy, 19805 Good and 
Grouws, 1977) have been a b le  t o  d is t in g u is h  such p a tte rn s  In  
e le m e ntary  o r  J u n io r  h ig h  school m athem atics c la s s e s . Good and 
Grouws (19 77 ) a p p lie d  th ose  f in d in g s  in  exp e rim en ta l s tu d ie s  th a t  
show p ro m is in g  r e s u lt s .  The p a tte rn  th e y  found e f f e c t iv e  In  
e lem entary  grades was ta s k -fo c u s e d  te a c h in g  t h a t  In c lu d e d  d a l ly  
re v ie w , c e re fu l a t te n t io n  to  developm ent o f  meaning and 
u n d e rs ta n d in g , c lo s e ly  m on ito red  setwork and r e g u la r  homework 
assignm ents. They found th a t  many o f  t h e i r  sug ge s tion s  were n o t 
re g u la r  p ra c t ic e  In  th e  m a jo r i ty  o f  c la s s e s . The most 
encou rag ing asp ec t o f  t h e i r  work Is  perhaps th a t  v e ry  modest 
t r a in in g  Induced th e  d e s ire d  in s t r u c t io n a l  tre a tm e n t b e h a v io u r.
T h is  rese a rch  a tte m p ts  t o  e s ta b lis h  w hether one o f  two 
a l te r n a t iv e  te a c h in g  s t r a te g ie s  w lU  le a d  to  Improved le a rn in g  b y  
p u p i ls .  I t  w i l l  e s ta b lis h  w hether o r  n o t d is c o v e ry  o r
e x p o s ito ry  te a c h in g  w i l l  l e f  to  Improved perform ance by p u p ils  
o f  d i f f e r e n t  a p t i tu d e  le v e ls  In  m athem atics.
BACKGROUND TO THE STUDY
The new m athem atics s y lla b u s  fo r  T ransvaa l s ch o o ls  w M l be 
In tro d u ce d  a t  M a tr lc  le v e l In  1967. In  ke e p in g  w ith  w o rld -w id e  
tre n d s  t o  make m athem atics more a p p l ic a b le , c e r t r ln  new to p ic s  
have been In c lu d e d  In  t h is  s y l la b u s .  “ L in e a r Prosrsmmlng" has 
n o t been ta u g h t a t  school le v e l b e fo re  In  South A f r ic a .  I t  Is  
In ten de d th ro ug h  t h is  rese a rch  to  g a in  some In s ig h ts  In to  th e  
e f fe c t iv e n e s s  o f  e x p o s ito ry  In s t r u c t io n a l methods and d isco ve ry  
I n s t r u c t io n a l methods w i th  y o u p s  o f  h ig h  school p u p i ls  p r io r  t o  '
th e  u n iv e rs a l Im plem enta tion d a te  In  th e  T ra n sva a l.
I t  I s  th e  re s e a rc h e r 's  e xp e rien ce  th a t  new to p ic s  In  th e  maths 
s y lla b u s  a re  o f te n  tre a te d  w ith  much tr e p id a t io n  by th e  m a jo r i ty  
o f  h ig h  school te a ch e rs . T h is  d if f id e n c e  cn th e  p a r t  o f  th e  i
te a ch e rs  may be due t o  a number o f  reasons-’ poor q u a l i f ic a t io n s ,  
l i t t l e  o r  no exposure to  th e  s u b je c t m a tte r  In  t h e i r  t r a in in g ,  j
un de rs tan da b le  concern w i th  to p ic s  th a t  a re  unfeml 1 l a r ,  few 
in - s e r v ic e  cou rses th a t  cove r th e  new work and a la ck  o f  s u i ta b le  '
te x ts  w hich p ro v id e  background In fo rm a tio n  co n ce rn in g  th e  
t o p ic .  As a r e s u l t ,  te a ch e rs  more o f te n  than n o t s im p ly  te a ch  a 
new to p ic  'o u t  o f  th e  te x tb o o k ' .  T h is  In v a r ia b ly  lea ds  t o  r o te  '
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le a rn in g  on th e  p u p i ls '  p a r t  and v e ry  d e f in i t e  e x p o s ito ry  
te a c h in g  m ethods. Webb <1984) c la im s  th a t  because th e
e d u ca tio n a l system In  South A f r ic a  Is  h ig h ly  exa m -o rie n ta te d , 
te a c h in g  and te x t  books o p t fo r  a s te re o typ e d  work to  r u le  
approach. The e f f e c t  o f  a  r ig i d  s y lla b u s  and p re d ic ta b le  
exa m in a tio ns  encourages a t t i tu d e s  d ia m e tr ic a l ly  opposed t o  those 
one w ants t o  In c u lc a te  In  a problem  s o lv e r .
The s u b je c t m a tte r  In  "L in e a r  Program ming' I s  f a i r l y  d i f f i c u l t  so 
th a t  many te a c h e s  rosy f in d  d i f f i c u l t y  In  h a n d lin g  th e  to p ic .  
I t  Is  hoped t 1 <* rese a rch  may a s s is t  In  h e lp in g  t o  Improve
s e n s i t i v i t y  to i* a m a tiv e  te a ch in g  methods o f  new to p ic s .
RESEARCH QUESTIONS
1. W il l  s tu d e n ts  ta u g h t by d is c o v e ry  methods o r  e x p o s ito ry  
m ethods pe rfo rm  b e t te r  In  l in e a r  programming?
2 . W il l  s tu d e n ts  o f  d i f f e r e n t  a p titu d e s  a n d /o r pe rsono- 
lo g lc a l v a r ia b le s  b e n e f i t  d i f f e r e n t l y  as a r e s u l t  o f  th e  
a lte r n a t iv e  te a c h in g  s tra te g ie s ?
RESEARCH HYPOTHESES
1. The re  I s  a s ig n i f i c a n t  d if fe re n c e  in  perform ance o f  p u p i ls  
In  l in e a r  programming cou rses as a r e s u lt  o f  d i f f e r e n t  
te a c h in g  s tra te g ie s .
k!
2 . S tuden ts  w i th  d i f f e r e n t  e p t ltu d e s  w i l l  b e n e f i t  d i f f e r e n t ly  
because o f  th e  d i f f e r e n t  te a c h in g  methods.
ASSUMPTIONS
1. The te a ch e r Is  com petent In  h a n d lin g  th e  s u b je c t m a tte r .
2 . The enthusiasm  o f  th e  te ach er In  p re s e n tin g  bo th
e x p o s ito ry  and d is c o v e ry  te chn iq ue  cou rses In  l in e a r  
programming w i l l  be th e  seme.
3 . There wl11 be no Hawthorne e f f e c t  s in c e  b o th  experim en ta l 
and c o n tro l groups w i l l  re c e iv e  tre a tm e n t.
4 . O ther v a r ia b le s  w h ich  may le a d  to  Improved perform ance
w i l l  be c o n tr o l le d  so as t o  m in im ize  t h e i r  e f fe c t .
T h e re fo re  I t  I s  assumed th a t  th e  r e s u lt s  o f  th e  te s t  
w i l l  be due t o  tre a tm e n ts  under In v e s t ig a t io n .
IMPORTANCE OF THE STUDY
Even though te ach ers  would c o n s id e r chang ing  t o  In n o v a tiv e  
approaches, th e y  fe e l under p re ssu re  t o  co n ce n tra te  on w hat I s  In  
th e  exa m in a tio n  s y lla b u s . T h is  tends to  devo lve  t o  th e  coaching 
o f  a s e t  o f  s ta n d a rd  te chn iq ue s  w hich a re  th en  rehea rsed on 
a b s tra c t ,  s te re o typ e d  prob lem s. T h is  tu to r in g  fo r  exa m in atio n  
r e s u lt s  Is  n o t condu c ive  t o  th e  developm ent o f  conceptual 
s t r u c tu r e s , s t r a te g ie s  and an a p p re c ia tio n  o f  m athem atics !h  
p u p i ls .
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In  South A f r ic a  th e  emphasis p la ce d  on exam r e s u lt s  Is  such th a t  
v e ry  l i t t l e  in n o v a tiv e  te a ch in g  ta kes  p la ce  In  ou r scho o ls . 
T h is  s tu d y  may prove to  be v a lu a b le  to  those who w ish  to  teach In  
such a way th a t  p u p i ls  may be a b le  t o  use and unde rs tand b a s ic
concep ts  and s tra te g ie s  when th e y  a re  a p p lie d  to  r e a l i s t i c  and
novel s i tu a t io n s .  In s ig h t  ga ine d  may f a c i l i t a t e  th e
Im plem enta tion  o f  more m a th s -a p p lic a b le  c o n te n t In  th e  p re sen t 
te a c h in g  o f  school m athem atics.
DELIMITATIONS OF TUB STUDY
The s u b je c ts  In t h is  re se a rch  were s tu d e n ts  a t  p r iv a te  school a In
Johannesburg. T h is  s tu dy  was l im i te d  to  th ose  scho o ls  where th e
s u p p o rt o f  th e  maths te ach e r and headnuste r was c le a r ly
e v id e n t. O n ly those s tu d e n ts  who vo lu n te e re d  to  a tte n d  sess io ns 
on "L in e a r  P'xigrarrnilng”  were In c lu de d  In  th e  sam ple.
I.IMITATIONS OF THE STUDY
Due to  tim e  c o n s tra in ts  th e  cou rses were ta u g h t a f t e r  normal
school Itcm -s. T h is  may have had an e f fe c t  on pe rfo itnance.
T ie  s c h o o l- s o c ie ta l s e t t in g  w ith  re s p e c t t o  p r iv a te  scho o ls  and
th e  typ e  o f s tu d e n t f re q u e n t in g  such scho o ls  may l i m i t  th e
gtm era l a p p l ic a b i l i t y  o f  th e  s tu d y .
D iffe re n t:  s cho o ls  may have pre pa re d  th e  s tu d e n ts  In  v a ry in g  
degrees in  background knowledge and p ro b le m -s o lv in g  te chn iq ue s .
A ls o , m o t iv a t io n  In  le a rn in g  m athem atics may be d i f f e r e n t  In  
d i f f e r e n t  s ch o o ls . These fa c to r s  may fu r t h e r  l i m i t  th e  e x te rn a l 
v a l i d i t y  o f  th e  proposed s tu dy .
DEFINITION OF TERMS
Expos] to r v  Methods
M ethods th a t  c h a ra c te r is e  t r a d i t io n a l  procedures In v o lv in g  
" t e l l I n s ' *  on th e  p a r t  o f  th e  te a ch e r and more p a s s iv e  le a rn in g  on 
th e  p a r t  o f  th e  p u p ils .
M ethods th a t  fo s te r  a c o n d it io n  fn  w hich p u p i ls  te n d  t o  become 
a c t iv e  p a r t ic ip a n ts  In  th e  a c q u is it io n  o f  t h e i r  le a rn in g .
L in e a r  programming In v o lv e s  th e  problem  o f  d e te rm in in g  th e  
maximum o r  minimum v a lu e  o f  a l in e a r  fu n c t io n  s u b je c t t o  a system 
o f  l in e a r  e q u a tio n s  o r  In e q u a li t ie s  c a l le d  c o n s tra in ts .  The 
o b je c t iv e  In  l in e a r  programming 1s to  de te rm ine th e  va lu e s  o f  th e  
v a r ia b le s  t h a t  w i l l  s a t is f y  a t I th e  r e s t r ic t io n s  o f  th e  
c o n s tra in ts  and w i l l  y ie ld  th e  op tim a l va lu e .
METHODOLOGY
1. fiatisa
T lie design Is  e xp e r im e n ta l. Homogeneous s e le c tio n " was 
T h is  may be dlagremmed as fo llo w s *
By t r a d i t io n  and In  o rd e r to  d is c r im in a te  between th e  two groups, 
th e  c o n v e n tio n a lly  ta u g h t (e x p o s ito ry  m ethods) group Is  c a l le d  
th e  c o n tro l g  oup. A d ia g n o s t ic  te s t  was used In  s e le c t in g
s u b je c ts  fo r  th e  tw o sam ples. The Im p lic a t io n  In  t h is  typ e  o f  
de s ign  is  to  have a c o n tro l fo r  th e  non-random s e le c t io n , which 
Is  a fa c to r  th a t  l im i t s  th e  e x te rn a l v a l i d i t y  o f  th e  re se a rch .
2. iasfcCMBfeflte
Both a p r e te s t  and a p o s t te s t  were used to  guage th e  p u p ils *  
m athem atica l competence. A q u e s t io n n a ire  was g ive n  to  assess 
th e  s tu d e n ts *  m o tiv a tio n  le v e l.
An e x te rn a l e v a lu a to r  had th e  r e s p o n s ib i l i t y  t o  assess th e  
p re s e n ta t io n  th rough unannounced v i s i t s .  T h is  was In tended to  
m in im ise  th e  p o s s ib i l i t y  o f  te ach er b ia s  In  p re s e n tin g  th e  
d i f f e r e n t  trea tm en ts .
3 . jW e la
A group o f  ove r 100 p u p ils  was used from  v a r fo u s  co o p e ra tin g  
p r iv a te  s ch o o ls . In  a d d it io n  t o  th e  researcher-m ade p r e te s t
used t o  de te rm ine th e  le v e l o f  competence o f  th e  s tu d e n ts , use 
was made o f  th e  Incumbent te a c h e r 's  pe rsona l knowledge o f  th e  
p u p i ls :  fa c to rs  in c lu d in g  re c e n t t e s t  r e s u lt s ,  I .Q . ,  m o tiv a tio n
and gem  \i1 assessment o f  th e  p u p i l ’ s  a p t i tu d e , were used to  
s e le c t  th e  samples fo r  th e  experim en ta l and th n  c o n tro l g roups. 
Comparisons made ware n o t In te r -s c h o o l b u t ra th e r  In tra -s c h o o l
ORGANISATION OF THE REMAINDER OF THE STUDY
C hapter I  has In trod uce d  th e  problem  s ta tem e n t and has focused 
p ro sp e c ts  f o r  rese a rch  In  m athem atics e d u ca tio n . The 
back-ground o f  th e  prob lem , rese a rch  q u e s t io n s , hypotheses and 
assum ptions, de l Im ita t io n s  and l im i t a t io n s  w ith in  th e  proposed 
m e th o d o lo f• a re  In d ic a te d .
Chapter I I  w i l l  re v ie w  th e  re le v a n t l i t e r a t u r e  on te a c h in g  and 
le a rn in g  o f  m athem atics.
C hapter I I I  w i l l  d e s c r ib e  In  d e ta i l  th e  m ethodology in v o lv e d  In  
t h is  s tu dy  as w e ll as d e s c r ib e  th e  se le c te d  samples In vo lve d  In 
th e  rese a rch .
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Chapter IV  w i l l  c o n ta in  an a n a ly s is  o f  th e  f in d in g s ,
C hapter V w i l l  examine th e  f in d in g s  w ith  a v iew  to  making 
recommendations From th e  d a ta  c o l le c te d .
v iew  m athem atica l s p e c u la tio n s  w ith  re fe re n ce  t o  th e li
use, I t  appears th a t  th e y  sho u ld  be d iv id e d  In to  tw o c la sse s .
To th e  f i r s t  be long th ose  w hich fu rn is h
u s u a lly  de te rm ined by th e  m agnitude o f  t h is  advantage. The
o th e r  c la s s  embraces th ose  s p e c u la tio n s , w h ich , though o f fe r in g
ne ve rth e le ss  v a lu a b le  In  th a t  th e yd i r e c t  advantage.
ex ten d th e  boundaries  o f  a n a ly s is  and Increase
many in v e s t ig a t io n s , frcm  w hich g re a t
advantage may be expected , must be abandoned s o le ly  because o f
th e  Im p e rfe c tio n  o f  a n a l /s is ,
t o  en la rg e  th eto  those s p e c u la te
A lth ou gh  Id ea l In s t r u c t io n  has been c h a ra c te ris e d  by a v a r ie t y  o f  
m odels, from  S e c re tIc  d ia lo g u e  to  s c h o la r  and te ach e - on a 
on e -to -o n e  b a s is , th e  pradcm lnant p a tte rn  In  classroom  te a c h in g  
o f  m athem atics has a lw ays been more p e d e s tr ia n . W hile  m ajor 
developm ent p r o je c ts  experim ented w ith  co n te n t and g lo b a l 
o rg a n is a tio n  o f  school m athem atics, th e re  has been an a c t iv e  
In te r e s t  In  a l te r n a t !  re approaches in  th e  d a y -to -d a y  fo rm a t o f  
classroom  In s t r u c t io n .  M athem atics ed uca to rs  have e xp lo re d  th e  
p o te n t ia l o f  d is c o v e ry  versu s  e x p o s ito ry  te a c h in g , u s in g  advance 
o rg a n is e rs  and p o s to rg a n is e rs  fo r  In s t r u c t io n ,  a d ju s t in g  te a c h in g  
approaches to  c s p l t a l1se on a p tI tu d e - tre a tm e n t-1n te r a c t1ons and 
v a r io u s  In s t r u c t io n a l m edia. The r e s u lt s ,  however, have seldom 
been unequivocal o r  c o n s is te n t frcnt one s tu d y  to  th e  n e x t.
S everal f in d in g s  do , n e v e rth e le s s , s ta nd  o u t and a re  e la b o ra te d
DISCOVERY AND EXPOSITORY METHODS
Wortfien (19 67 ) e xp lo re d  one fa c e t o f  th e  d is c o v e ry -e x p o s ito ry  
te ach in g  co n tro ve rsy  In  e lem entary  m athem atics , f in d in g  th a t
tre n d s  fa vou re d e x p o s ito ry  te a ch in g  fo r  Immediate r e c a l l  and 
d is c o v e ry  te ach in g  on re te n t io n  and t r a n s fe r .  T h is  rese a rch  was 
d e l im ite d  to  e le m e ntary  grades. O lander and Robertson (1973 ) 
con firm e d  th e  p a tte rn  e s ta b lis h e d  by Worthen b u t a ls o  found an 
In te r a c t io n  between method and s tu d e n t p r io r  know ledge o r
a b i l it y 's  weaker s tu d e n ts  seemed to  b e n e f i t  from  e x p o s ito ry  
te a ch in g  and s tro n g e r s tu d e n ts  frcro d is c o v e ry  te a c h in g . The
■ — ta K u s h  . A * .
re se a rch  >*))ch th e y  conducted was d e l im ite d  to  fo u r th -g ra d e  
p u p i ls .  S p e c if ic  c o n c lu s io n s  fra n  th e 1r  s tu d y , based on two
typ e s  o f  a n a ly s is  o f  da ta , are*
A . Compar!sons o f  te s t  means o f  groups o f  p u p i ls  on v a r ia b le s
o f  th e  s tu dy  th ro ug h  use o f  m u l t ip le  a n a ly s is  o f  cova riance*
I ) On bo th  p o s tte s ts  and r e te n t io n  t e s ts ,  p u p 'll; , ta u g h t 
under th e  E x p o s !to ry  Method seemed to  exce l on 
C om puta tional S k i l l s .
11> P u p !Is  ta u g h t under th e  D iscove ry  Method were seem­
in g ly  s u p e r io r  In  r e ta in in g  th e  a b i l i t y  to  ap p ly  
m athem atica l knowledge a f t e r  a 5  week p e r io d  fo llo w ­
in g  th e  end o f  th e  experim en t.
8 . In te r a c t io n  e f fe c t s  as shown th ro u g h  th e  1 In e a r-re g re s s io n
e q ua tion  suggests th a t*
1) P u p ils  s c o r in g  on th e  low e r p a r t  o f  th e  range on th e  
C om putation p r e te s t  Improved more when ta u g h t under 
th e  E x p o s ito ry  procedures p u p i ls  s c o r in g  h ig h e r 
improved more under th e  D iscove ry  approach.
IS ) P u p ils  s c o r in g  low er on th e  Concepts p r e te s t  bene- 
f l t t e d  more from  th e  D iscove ry  approach5 those 
sc o r in g  h ig h e r improved more under th e  E xp o s ito ry  
approach.
I l l )  P u p ils  s c o r in g  low er on th e  A p p lic a t io n s  p re te s t 
Improved more as a r e s u l t  o f  th e  E x p o s ito ry  te ch ­
niques those s c o r in g  h ig h e r p r o f i t t e d  more when 
ta u g h t by th e  D iscove ry  te ch n iq u e .
I v )  Oil t l ie  P r in c ip le s  and R e la tio n s h ip s  p re te s t*  p u p i ls  
In s tru c te d  under D iscove ry  techn iq ue s  s ta r te d  o f f  
b e t te r  than these ta ug h t under th e  E x p o s ito ry  
approach and th ey  con tin u e d  to  Improve a t  a g re a te r
The m ajor Im p lic a t io n  o f  O lander and R obertson ’ s s tu dy  Is  th a t
I n s t r u c t io n  s ltou ld  be In d iv id u a l Ised-1 w hat Is  a p p ro p r ia te  fo r  
one p u p il may be In a p p ro p ria te  f o r  an othe r w h ile  th a t  w hich Is  
a p p ro p r ia te  fo r  one d e s ire d  outcome may be In a p p ro p ria te  fo r  
an o the r.
The s p e c i f ic  v a lu e  o f  th e  work o f  Worthen and O lander and
Robertson Is  th e  Idea th a t  s h o r t- te rm  and lo n g -te rm  le a rn in g
outcomes a re  In flu e n c e d  by d i f f e r e n t  aspects  o f  In s t r u c t io n  and
th a t adequate assessment o f  In s t r u c t io n  re q u ire s  m u lt ip le  
c r i t e r i a .  T h is  Is  o f  c r u c ia l In te r e s t  to  those who a re
concerned abou t th e  Im pact o f  a c c o u n ta b il ity - in d u c e d  tren ds  
towards more fre o u a n t te s t in g  In  M athem atics. These c r i t i c s
b e lie v e  th a t  In s tr u c t io n a l approaches th a t  a re  dem onstrably 
e f fe c t iv e  fo r  s h o r t- ru n  ga ins  a re  fa r  le s s  e f fe c t iv e  when 
measured by In p u t and lo n g -te n n  g o a ls . The p re ssu re  fo r  
Immediate m easurable r e s u lt s  d is to r t s  c u rr ic u lu m  p r io r i t i e s .
D u rin g  th e  1970s seve ra l m a jo r c u r r ic u lu m  developm ent and
rese a rch  p ro je c ts  e xp lo re d  th e  Issues o f  co n te n t and
p sych o lo g ica l s t r u c tu r e .  A t th e  P it ts b u rg h  Le a rn in g  C en tre , the
In d iv id u a l ly  P re sc r ib e d  In s t r u c t io n  ( 1 P I ) program  ap p lie d  th e
p r in c ip le s  o f b e h a v io u r is t  le a rn in g  th n o ry  ( s p e c if ic  o b je c t iv e s , 
h ie ra rc h ie s , p ro g ress  tow ards  m aste ry  to  e lem entary school 
m athem atics. W hite  e v a lu a to rs  found th a t  s tu d e n ts  progressed
tiire u e h  th e  o b je c t iv e s  a t  v e ry  d i f f e r e n t  ra te s , th e re  Here- few 
o v e ra l l  advantages f o r  t h is  c a r e fu l iy  co n s tru c te d  In s tru c t io n a l 
system ove r more con ven tion a l approaches ( Fey, 1980). The 
v a r io u s  te s ts  o f  In d lv ld u a lIs e d  systems For d e l iv e r y  o f  
m athem atics In s t r u c t io n  have n o t g ive n  s tro n g  sup po rt to  t h is  
a lte r n a t iv e  approach (M l I l e r ,  1976} Sclioen, 1976). The main 
In d iv id u a lIs e d  fa c to r  has been cha lle n g e d  se v e re ly  bv s tu d ie s  
su g g e s tin g  th a t  even successfu l s tu d e n ts  develop fu ndam en ta lly  
flaw ed Ideas abou t m athem atics (E rlw a n g e r, 1973). The 
c o l le c t io n  o f  dlsc<xr-a9 ln e  r e s u lt s  and t r a d i t io n s !  re s is ta n c e  to  
change In  scho o ls  has le d  to  d im in ish e d  In te r e s t  In  t h is  way o f  
In d iv id u a l Is in g  m athem atics in s t r u c t io n ,  d e s p ite  th e  g re a t 
p rom ise e a r ly  In  th e  1970s.
In  a n o th e r d i r e c t io n ,  rese a rch  based In  m athem atics e d uca tion  has 
te s te d  Ausubel*s  (19 63 ) th e o r ie s  ab ou t m eaning fu l ve rb a l 
le a rn in g . A number o f  s tu d ie s  o f  th e  advance org an ise d
hyp o th e s is  have fa i le d  to  y ie ld 1 s u p p o rt fo r  such p r e ln s tru c 1 1 onal 
a id s . Fui thermor-e, Ranberg and W11 son ( 1973) found th a t 
^ -e s e n te t lo n  o f  ,ros te rQ sn lse rs  m ig h t l« v e  a n e g a tiv e  e f f e c t  on 
1 e a rn e rs , perhaps c o n f l i c t in g  w i th  th e  c o n c e p tu a lis a tio n  o f  
knoHledge th e  I ea rne rs  work o u t fo r  them selves. These r e s u lt s ,  
combined w ith  some work on programmed In s t r u c t io n  In  which 
s tu d e n ts  s u c c e s s fu lly  1 earned from  a program p resen ted In  re ve rse  
o f  " lo g ic a l "  o rd e r , unde rscore aga in  th e  fundamental Im portance
o r  s tu d e n t In te rn a l o rg a n is a tio n  o f  m athem atica l ideas. They 
suggest th a t  th e  know ledge s tru c tu re s  b u i l t  up by th e  s tu de n ts  
m ig h t be v e ry  d i f f e r e n t  from  what most teachers  b e lie v e  th ey  a re  
con vey ing .
STUDENT APTIfUDES
I t  Is  o f  in te r e s t  to  examine th e  e f fe c t s  o f  s tu d e n t a l t i tu d e s  on 
'*outcomes” . A t th e  age o f  21, Isa ac Newton fo rm u la te d  fclie b a s is
o f  d i f f e r e n t ia l  and in te g ra l c a lc u lu s . A t 16, C.F.Gauss 
c o n tr ib u te d  to  the  found ing  o f non-Euci I dean gecfuetry , and a t  19, 
he gave a  c t i i ip le te  p ro o f fo r  th e  Im p o rta n t lew o f  q u a d ra tic  
re e l p ro c l t y  In  nunber th e o ry . The works o f  these two
m athem atica l s la n ts  a re  o u ts ta n d in g  examples In  a rem arkab le 
s to ry  o f In te l le c tu a l  p re c o c ity .  In  a  manner matched o n ly  In  
m us ic , m athem atica l t a le n t  seems to  emerge a t  a v e ry  e a r ly  age 
( S ta n le y , K e a tin g  and Fox, sug g e s tin g  th a t  the mental
a b i l i t i e s  re q u ire d  to  le a rn  and use th e  s u b je c t a re  v e ry  c lo s e  to
p r im a ry , in n a te  a p t i tu d e s . F o r t h is  rea son , s tu d ie s  o f  th e  
n a tu re  and development o f  m athem atica l a b i l i t i e s  have a t t r a c te d  
th e  combined a t te n t io n  6 t  m athem atics ed uca to rs  and
p sych o lo g lsb s .
A) though s tu d e n ts  and laymen commonly lock  on m athem atica l
a b i l i t y  as a u n i ta r y  phenomenon ("Y ou can e i th e r  do maths o r  you 
can * t ” )  rese a rch  re v e a ls  a much more com p lica te d  p ic tu r e .  When 
s tu d e n ts  a re  grouped homogeneously fo r  m athem atics In s t r u c t io n *  
th e  most renark  a b le  fe a tu re  o f  th e  groups Is  how much th e  members
s t i l l  v a ry  In  ti-ie p a tte rn s  o f  t h e i r  m athem atica l a b i l i t i e s  and 
c o g n it iv e  s ty le s .  W hile  seme p u p i ls  seem r ic h l y  g i f t e d  w ith  a l l
th e  ta le n t s  re q u ire d  f o r  successfu l m athem atics le a rn in g , th e re  
a re  component a b i l i t i e s  th a t  develop a t  d i f f e r e n t  ra te s  and In  
d i f f e r e n t  ways f o r  each In d iv id u a l . Fennema and Behr <1980) 
p ro v id e  an o rg a n is in g  framework f o r  m athem atica l a b l11 t i e s  th a t  
serve s  as a  u s e fu l gu ide  In  re v ie w in g  rese a rch  p ro g ress  and 
p ro sp e c ts  fo r  th e  fo un d a tio n  o f  m athem atics program s.
S ta r t in g  from  th e  d e f in i t io n  o f  a p t i tu d e  as a c h a r a c te r is t ic  o f  
an in d iv id u a l th a t  Increases ( o r  Im p a irs )  th e  p r o b a b i l i t y  o f  
success in  le a rn in g  <O onbach and Snow, 1977), Fennema and Behr 
s o - t  a p t itu d e s  In to  tw o m ain c a te g o r ie s ! c o g n it iv e  and 
a f fe c t iv e .  The c o g n it iv e  a p t itu d e s  a re  fu r t h e r  su b d iv id e d  In to  
a b l l 1 t ie s  and in fo rm a tio n -p ro c e s s in g  s ty le s .  The le a rn in g  o f 
m athem atics is  v i t a l l y  a f fe c te d  by th e  n a tu ra l o r  In s tru c t io n a l 
developm ent o f  a p titu d e s  in  Bach ca te g o ry .
COGNITIVE ABILITIES
A c o g n it iv e  a b i l i t y  may be v iew ed as th e  I n te l le c tu a l  power to  
a cq u ire  o r  produce new In fo rm a tio n  from  th e  fa c ts  o r  s tr u c tu r e  o f  
a s i tu a t io n .  F or example, lo g ic a l rea son in g  a b i l i t y  a llo w s  a
1 ea rne r t o  deduce new fa c ts  from  lo g ic a l ly  r e la te d  g ive n s ; 
s p a t ia l v is u a l is a t io n  a b i l i t y  p e rm its  ccm psrl son o f  shapes 
p resen ted In  d i f f e r e n t  o r ie n ta t io n a l a b i l i t y  to  p e rce ive  a b s tra c t 
s im i la r i t i e s  In  sym bo lic  forms such as s2 -  t2  = ( s - t ) < s * t>  
and 9a2 -  16b2 -  ( 3a -4bX  3a*4b) is  c r i t i c a l  In  a t gebra'i
c r e a t i v i t y  and f l e x i b i l i t y  h e lp  problem  s o lv e rs  gene ra te  fre s h  
s o lu t io n  approaches to  p u z z lin g  problem s. These and o th e r 
c o g n it iv e  a b i l i t i e s  In vo lved  In  m athem atica l le a rn in g  and
perform ance have been s tu d ie d  e x te n s iv e ly  as p a r t  o f  rese arch  
t h a t  t r i e s  to  e xp la in  t h e i r  n a tu ra l m a tu ra tio n s ! developm ent, and 
th e  r e la t io n  between a b i l i t i e s  and school le a rn in g . D esp ite  
much rese a rch  (Woods, R esnick & Green, 5'575S Kulm & Days, 1979;
Simon and Hayes, 1974), th e re  a re  many Im p o rta n t open
q u e s t io n s . Fo r In s tan ce , sp e c ia l a t te n t io n  has re c e n t ly  been
focused on th e  developm ent and t r a in in g  o f  s p a t ia l  a b i l i t ie s ,  
concern hav ing  been spa rked by seme evidence th a t m ale and fem ale 
s tu d e n ts  have d i f f e r e n t  a b i l i t i e s  In  t h is  a re a  <Fetmema and Behr, 
1980). There Is  ev idence th a t  f u l l  lo g ic a l reason ing  develops
much la te r  than supposed, b u t t l \e  reasons fo r  t h is  la te
developm ent a re  n o t c le a r  ( Sowder, 19J0). A f te r  a p e r io d  o f 
l im i te d  In te r e s t  In  c r e a t i v i t y ,  th e  re c e n t concern fo r  problem  
s o lv in g  in  m athem atics seems to  have sparked new concern fo r  th e  
n a tu re  and n u r tu re  o f m athem atica l In ven tiven ess .
The lo n g -s ta n d in g  In te r e s t  In  c o g n it iv e  a b i l i t i e s  a id  t h e i r  
In flu e n c e  on m athem atica l p r o d u c t iv it y  has re c e n t ly  extended to  
c o g n it iv e  s ty le ,  th e  personal p re fe ren ces  fo r  v a r io u s  
In  fo rm a tI on -process Ing  modes. Research In  psyclrotogy and
m athem atics e d uca tion  has I d e n t i f ie d  seve ra l dim ensions o f 
p ro ce ss in g  s ty le s  th a t  appear to  be r e la te d  to  perform ance In 
m athem atics . Such p ro ce ss in g  p re fe ren ces  as v is u a l o r  v e rb a l 
Im agery, r e f le c t iv e  o r  Im p u ls ive  problem  s o lv in g , convergen t o r  
d iv e rg e n t th in k in g  and f i e ld  dependence o r  Independence have been
T W H * .
s tu d ie d  In  r e la t io n  to  m athem atics te a c h in g , The c o n tr l lx j t lo n s  
o f  m a tu ra tio n  and exp e rien ce  to  fo rm a tio n  o f  c o g n it iv e  s ty le  
p re fe re n ce s  and a b i l i t i e s  a re  J u s t be g in n in g  to  be understood. 
There have been c o n s is te n t p o s i t iv e  c o r r e la t io n s  between f i e ld  
Independence and m athem atica l achievem ent. The a v a l i s t ' ! I t y  o f 
an e s ta b lis h e d  In s trum en t (W ltk in  e t  a l . ,  1977) fo r  m easuring th e  
e lu s iv e  c o g n it iv e  s t y le  has undoubtedly a ls o  c o n tr ib u te d  to  
In te r e s t  in  f i e l d  dependence-Independence.
AFFECTIVE APTITUDES
A f fe c t iv e  a p titu d e s  r e la te d  t o  m athem atics have experienced 
a c t iv e  and s o p h is t ic a te d  In te r e s t .  D e sp ite  th e  p la u s ib le  
con ne c tion  between en joym ent and success In  m athem atics , th e  
f i r s t  In s trum en ts  to  measure a t t i tu d e s  tow ards m athem atics o n ly  
appeared re c e n t ly  (D u tto n , 1964} A ltk e n  and D reger, 1961). 
S w a ffo rd  (1981} p .6 )  observed th a t  rese arch  on a f f e c t iv e  fa c to rs  
In  m athem atics le a rn in g  now reg a rds  a t t i tu d e  as a 
m u ltid im e n s io n a l v a r ia b le *
"S ubsca les In c lu d e  en joym ent, u se fu ln e ss , con fid e n ce , 
a n x ie ty ,  m o t iv a t io n , d i f f i c u l t y ,  p e rce ive d  n a tu re  o f 
m athem atics, and a t t i tu d e s  towards success to  name a
The f in d in g s  em erging from  t h is  more s o p h is t ic a te d  approach to  
a t t i t u d e  assessment (C a rpe n te r e t  a l . ,  1980} Kulm, 1980} 
S w a ffo rd , 1981) lea d to  f iv e  con c lus io ns*
1. A t t i tu d e s  towards m athem atics as a school s u b je c t a re  most
p o s i t iv e  In  e a r ly  adolescence and d e c lin e  th ro ug h  h ig h
r
!
s c h o o l.
2 . The e f fe c t s  o f  te a c h e rs '  a t t i tu d e s  on s tu d e n ts ' a t t i tu d e s  
and achievement Is  n o t  as  easy t o  c o n firm  as one may expect.
3 , There a -e  g e n e ra lly  no s e x - re la te d  d if fe re n c e s  r e la te d  to  
th e  enjoym ent o f  m athem atics There has been some evidence 
th a t  m ales a re  more s e l f - c o n f id e n t ,  v ie w  m athem atics as more 
u se fu l and te nd  t o  s te re o typ e  m athem atics as a  m ale domain, 
b u t most re c e n t d a ta  suggest th a t  th e re  a re  changing 
p a tte rn s  b> th is  v iew .
I .  P o s it iv e  a t t i tu d e s  towards m athem atics and th e  pe rce ived
use fu ln ess  o f m athem atics a re  h ig h ly  c o r re la te d  w ith  
m athem atics cou rse  p a r t ic ip a t io n .
S. S tuden ts  have v e ry  d i f f e r e n t  re a c t io n s  to  d i f f e r e n t  fa ce ts
o f m athem atics.
The work o f  an a c t iv e  group o f  S o v ie t p s y c h o lo g is ts  lias a ls o
focused on a b i l i t i e s  needed In  d o in g  m athem atica l th ou gh t, 
K r u te ts k l!  <19761 suggests  th a t  s tu de n ts  w ith  m athem atica l ta le n t  
commonly fo rg e t th e  p a r t ic u la r  fa c ts  o f  a s i tu a t io n  as soon as 
th ey  a re  unneeded, b u t th ey  r e ta in  th e  s tr u c tu r e  o f a problem  and 
s o lu t io n  a lm os t I n d e f in i t e ly .  Furtherm ore , th e  o p e ra tio n  o f  th e  
v a r io u s  forms o f  rea son in g  16 o f te n  so ra p id  and subconscious 
among these ta le n te d  s tu d e n ts  th a t  th ey  a r r iv e  a t  c o r r e c t  r e s u lt s  
w ith o u t r e c a l l in g  th e  th ou gh t processes o r  arguments used to  
. each th ese  c o n c lu s io n s .
One o f  th e  most d i f f i c u l t  ta sks  in  b u i ld in g  a th e o ry  o f  c o g n it iv e  
development Is  s e p a ra tin g  th e  e f fe c t s  o f  m a tu ra tio n  bo th  In and 
o u ts id e  o f  s c h o o l. As C arpenter (19 80 ) no te d , m athem atics
ed uca to rs  were qu ick  to  cha lle n g e  th e  age and sequence p a tte rn s
suggested by P ia g e t 's  th e o ry . Dozens o f  t r a in in g  s tu d ie s
a ttem p ted t o  a c c e le ra te  th e  pace o f  developm ent ahead o f  th e  tim e
schedu le w hich had been suggested. A la rg e  number o f  these
s tu d ie s  were s u c c e s s fu l, r a is in g  q u e s tio n s  about th e  e x te n t to  
w h ich  c o g n it iv e  developm ent fo llo w e d  some I n f le x ib le  b io lo g ic a l 
c lo c k . O ther rese a rch  (B re ln e rd , 1973) cha llen ge d  P ia g e t ’ s
hypotheses In  which c o g n it iv e  a b i l i t y  end m athem at!cal conceptual 
sequences emerge n a tu r a l ly .  H le b e rt (1981> has re c e n t ly  argued 
th a t  P lage tan a b i l i t i e s  l i k e  co n se rva tio n  a re  n o t re q u ire d  fo r  
le a rn in g  m ost m athem atica l s k i l l s .  I t  has become e v id e n t th a t  
m athem atics ed uca to rs  must look fo r  more complex con ne ction s 
between developm ent and th e  le a rn in g  demands o f  s p e c i f ic  
m athem atica l to p ic s .  There has been a c t iv e  work on t h is  Issue 
w ith  b a s ic  number concep ts  and w ith  measurement. However, th e  
c r i t i c a l  s ta ge  o f  fo rm al o p e ra tio n s , th a t  '- i lc h  u n d e r lie s  so much 
o f  secondary school m athem atics, has been e xp lo re d  o n ly
te n ta t iv e ly .  The Van H le le s  ( H o f fe r ,  1961> have proposed a
developm ental sequence In  le a rn in g  geom etry and re c e n t
in fo rm a tio n -p ro c e s s in g  s tu d ie s  o f  a lg e b ra  le a rn in g  (C a r ry ,  Lew is 
& Be rnard , 1980) o f f e r  some prom ise o f  s im i la r  th e o r ie s  f o r  th a t  
domain. A t th e  p re sen t t im e , developm ental th e o r ie s  o f f e r  
u se fu l In s ig h ts  in to  c e r ta in  s p e c i f ic  asp ects  o f  m athem atics
le a rn in g  ( f o r  exam ple, number and measurement) b u t th ey  do n o t 
o f f e r  com prehensive g u id e lin e s  fo r  th e  s e le c t io n ,  sequence o r  
In s tr u c t io n a l p re s e n ta t io n  o f  most m athem atica l Ideas.
x y
ATI STUDIES
There have been seve ra l te s ts  In  m athem atics o f  Crenbach and 
Snow’ s (1977) Ideas abou t a p t I tu d e - tre a tm e n t In te ra c t io n  (A T I)  
e f fe c t s  }r> In s t r u c t io n .  The r e s u lt s  have n o t been encourag ing ,
bub an o p t im is t  c o u ld  d is c o u n t t i l l s  f in d in g  as a n o the r In s tan ce 
o f  a p re m is in g  In s t r u c t io n a l Idea th a t  mskes no s ig n ! f ic a n t  
Im pact In  M athem atics. The le a rn in g  o f  m athem atics seems t o  be 
d r iv e n  &o s tro n g ly  by In na te  m ental a b i l i t i e s ,  th e  background o f  
p re v io u s ly  acq u ire d  know ledge and th e  in te rn a l s tr u c tu r e  o f  th e  
Ideas them selves th a t  few s h o r t- te rm  o r m oderate a l te r a t io n s  In 
th e  te a ch in g  approach have any n o t ic e a b le  Im pact on s tu d e n t 
ach ievem ent. M ost ATI s tu d ie s  In  m athem atics have used
r e la t iv e l y  s h o r t  tre a tm e n ts , o f te n  a c to lo ls te re d  In  th e  a r t i f i c i a l  
env ironm ent o f  p ro g ra m e d  In s tr u c t io n a l m a te r ia l.  Thus, I t  Is  
p ro ba b ly  n o t s u r p r is in g  th a t  th e  tre a tm e n t v a r ia t io n s  are 
overwhelmed by background fa c to rs .
The most n o ta b le  exce p tio n  to  th e  p a tte rn  o f  no s ig n : f ic a n t  
d if fe re n c e s  In In s tr u c t io n a l re se a rch  has been re c e n t 
p ro ce ss -p ro d u c t s tu d ie s  o f  classroom  te a ch in g  In m athem atics. 
As com parisons o f  novel and con ve n tio n a l methods o f  In s t r u c t io n  
re p e a te d ly  cane up em pty, rese a rch  a t te n t io n  re - fo c u s e d  on th e  
s p e c i f ic  classroom  In te ra c t io n s  th a t  occu r In  te a ch in g . The 
f i r s t  o b je c t iv e  was t o  c h a ra c te ris e  and deve lop  p ro ced ures fo r  
d e s c r ib in g  moves th a t  te ach e rs  and s tu d e n ts  can and do make (F ey, 
1970$ Sm ith and Neux, 1963). N ex t, rese a rch  sough t p a tte rn s  o f  
In te ra c t io n  th a t  c h e ra c to r ls e  e f fe c t iv e  o r  In e f f e c t iv e  c la sse s .
Several s tu d ie s  (Good and Groans, 1977$ B ve rtso rii Emmer and 
Brop^iyi 1980) have been a b le  to  d is t in g u is h  such p a tte rn s  In  
e le m e ntary  a id  J u n io r  h ig h  school m athem atics c la sse s . Good and 
Grouws have a p p lie d  th ose  f in d in g s  In  exp erim en ta l s tu d ie s  th a t  
show p ro m is in g  r e s u lt s  (Good, 1981). The p a tte rn  th e y  found 
e f f e c t iv e  1n e lem entary  grades was ta s k -fo cu se d  te a ch in g  th a t  
In c lu d e d  d a l ly  re v ie w , c a re fu l a t te n t io n  t o  developm ent o f  
meaning and un de rs tan d in g , c lo s e ly  m on ito red  sestwork and re g u la r  
homework assignm ent. W hile  t h is  p a tte rn  h a rd ly  seems n o v e l. 
Good and Grouws found th a t  many o f  t h e i r  sug ge s tion s  were n o t 
re g u la r  p ra c t ic e  in  e lem entary school c la s s e s . The most
en courag ing  asp ec t o f  t h e i r  work Is  th e  fa c t  th a t  v e ry  modest 
t r a in in g  Induced th e  d e s ire d  In s tr u c t io n a l tre a tm e n t b e ha v iou r. 
The work o f  Good and Grouws (19 77 ) In v o lv e d  t r a d i t io n a l  
exp erim en ta l c o n tro l group com parisons o f  In s tr u c t io n a l 
tre a tm e n ts . Where p re v io u s  s tu d ie s  o f  t h is  ty p e  made l i t t l e  
e f f o r t  to  ensure  d e l iv e r y  o f  w e ll-d e f in e d  tre a tm e n ts , Good and 
Grouws checked v e ry  c a r e fu l ly  (b y  c lassroom  o b s e rv a tio n )  t o  see 
th a t  th e  experim en ta l tre a tm e n t fe a tu re s  were e f fe c te d . They 
chose rese a rch  s i tu a t io n s  w ith  ca re  t o  m in im ise  v a r ia t io n  due to  
Ir r e le v a n t  fa c to r s !  th e y  made sp e c ia l e f f o r t s  to  c o n tro l fo r
Hawthorne e f f e c t ;  and th e y  con s ide re d  c a r e fu l ly  th e
a p pro p ria te ne ss  o f  t h e i r  chosen c r i t e r io n  measures -  a l l  problem s 
th a t  have been p o o r ly  hand led In  e a r l ie r  te a c h in g  re se a rch  In  
m fithem atlcs ed uca tion .
vLINEAR PROGRAWINP AND PROBLEM SOLVING TECHNIQUES
L in e a r programming Is  a subset o f  m athem atica l programming. ' The 
c e n tra l Idea Is  th e  o p t im is in g  o f  a m athem atica l fu n c tio n  s u b je c t 
t o  c e r ta in  g ive n  c o n s tra in ts .  F u r th e r , when th e  s a id  exp ress ion  
t o  be o p tim is e d  and c o n s tra in ts  a re  l in e a r  In  th e  v a r ia b le s  
In vo lve d , tlien  the  typ e  o f  m athem atical programming Is  c e l le d  
l in e a r  programming. The c o n s tra in ts  a re  u s u a lly  In e q u a li t ie s .  
F ry e r < 197f}> s i/»w i s e s  th e  s ta te  o f  th e  a r t  es:
1. A 1 1 near programming problem  Is  one In  which th e  exp ress ion  
to  be op tim ise d  Is  l in e a r ,  as a re  th e  c o n s tra in ts  which 
u s u a lly  take th e  fo rm  o f  In e q u a li t ie s .
2 . S o lu t io n s  can be ob ta in e d  by g ra p h ica l methods when o n ly  two 
( o r  p o s s ib ly  th re e )  v a r ia b le s  occu r.
3 . The fe a s ib le  re g io n  (when I t  e x is ts )  Is  In th e  fo rm  o f  a 
convex po lygon, and each v e r te x  corresponds to  a b a s ic  
fe a s ib le  s o lu t io n .
4 . An o p tim a l s o lu t io n  occu rs  a t  a v e r te x . I f  o p tim a l 
s o lu t io n s  occu r a t  two v e r t ic e s ,  then any p o in t  on th e  l in e  
jo in in g  them corresponds to ' an o p tim a l s o lu t io n .
G e ld lnhuys (1985) reg a rds  the  name ’• l in e a r  programming" as 
m is le a d in g  and suggests " l i n e a r  o p t im is a t io n ”  as more d e s c r ip t iv e  
o f  w hat goes on m a th e m a tica lly . He suggests th a t In  te a ch in g  
l in e a r  programming, more e x p o s it io n  sho u ld  be g ive n  In  term s o f 
th e  te a c h e r 's  expanding on th e  method o f  s o lu t io n  in  genera l and 
then a p p lic a t io n  o f  t h is  method to  s p e c i f ic  p r a c t ic a l problem s. 
The d isadvantage o f  such a process Is  th e  p o s s ib i l i t y  th a t
j
genu ine p r a c t ic a l problem s may be passed ove r and th a t th e  va lu e  
o f  11near p ro g ra m in g  may be com p le te ly  lo s t .  Ge ld lnhuys 
b e . I eves '.h a t th e  m ost c o r re c t approach Is  to  develop t l ie  method 
o f  s o lu t io n  th ro ug h  s im p le  p r a c t ic a l problem s. There Is  an othe r 
school o f  th o u g h t con ce rn in g  th e  way peop le so lv e  problem s. The 
Issue Is  to  w lia t degree th e  te a ch e r in te rv e n e s  In  th e  process o f  
s tu d e n t m aste ry  o f  m athem atica l problem s. The normal 
m athem atica l c u rr ic u lu m  Is  a lm ost i.n Iv e rs a l ly  based on 
e x p la n a tio n  by th e  te ach er w ith  th e  use o f  I l l u s t r a t i v e  ex% p le s  
fo llo w e d  by end less p ra c t ic e  on e x e rc is e s  w hich a re  c lo s e  
Im ita t io n s  o f th e  exemples. When s tu d e n ts  h w e  d i f f i c u l t y  th ey  
a re  "co ach ed ": te ach ers  r e s ta te  e x p la n a tio n s  o r  break exe rc ise s
down In to  s m a lle r  s te p s . Coaching Is  based on tl ie  I do? o f
r e in fo r c in g  a s ln g l r  t ra c k  o f  'e a rn in g . T h is  Is  h a rd ly
conducive to  th e  developm ent o f  Independent th in k in g . Indeed,
frcm  O ils  p e rs p e c tiv e , g iv in g  s tu d e n ts  u n fa m il ia r  problem s 
v io la te s  th e  ve ry  r u le s  o f th e  game.
Webb ( 1904; p . 1 17) bet I eves th a t  th e  e f f e c t  o f  a r i g i d  s y lla b u s  
and p re d ic ta b le  exam inations encourages a t t i tu d e s  d ia m e tr ic a l ly  
opposed to  tlio s e  one wants * t o  in c u lc a te  In  p u p i ls .  Ths
m athem atics Is  ,-educed to  th e  s te re o typ e d  e p p '1 c a t io n s  o f  r l . J 
r u le s  and staridai-d te c lw ilques. Webb fe e ls  th a t te x tbo oks  on th e  
whole do n o t encourage problem  s o lv in g :
"Some South A fr ic a n  te x tbo oks  a re  more Im a g in a tive  
than o th e rs , w ith  o f fb e a t and open-ended problem s> 
b u t unde rqua lI f le d  teachers see th ese  as a th re a t .
A te ach e r whose m astery o f  m athem atics Is  weak w i l l
fe e l th a t 1 * h is  poor command o f  t l ie  s u b je c t >s shown 
up, h is  • iOi-1 t y  H i l l  be weakened. He N il 1
th e re fo re  fo llo w  th e  con ve n tio n a l and sa fe  pa ths o f 
d r i l l  and p r a c t ic e . "
The In tro d u c t io n  o f  m athem atica l co n te s ts  In  South A f r ic a  
re c e n t ly  has p ro no ted  enthusiasm  fo r  problem  s o lv ln a . In  
a d d it io n  v a r io u s  jo u rn a ls  In ten de d fo r  h ig h  school m athem atics 
p u p i ls  have been launched. The aim o f  th ese  magazines Is  to  
e n te r t a in ,  to  show th a t  m athem atics Is  a l iv e ,  t o  s t im u la te  and to  
c h a l1enge -  1n s h o r t ,  to  g e t th e  re a d e r ” hooked" on
m athem atics. I t  Is  th e  re s e a rc h e r's  t < l l e f  th a t  L in e a r
Programming may be ta u g h t In  such a way as to  make I t  e q u a lly  
a l iv e  and e n te r ta in in g  w ith o u t d e tra c t in g  from  th e  v a lu e  o f 
Independent th in k in g  on th e  p a r t  o f  th e  p u p i l .
PROBLEM SOLVING STRATEGIES
J
A general consensus seems to  be em erging th a t  conce ives o f
problem  s o lv in g  somewhat I l k a  t h is :
1. The ve rb a l s ta tem e n t o f  th e  problem  Is  an I n i t i a l  In p u t.
2 . T y p ic a l ly ,  n o t a l l  o f  these In p u t d a ta  a re  absorbed a t  once: 
some p a r t  o f  them Is  accepted.
3 . From t h is  p a r t ia l  In p u t,  an In te rn a l knowledge re p re se n ta ­
t io n  s t r u c tu r e  Is  c re a te d  th ro ug h  some com b in atio n  o f  
r e t r ie v a l  and s y n th e s is .
4 . Now a process o f  "e x te n d in g ”  takes p la c e ; from  tim e t o  tim e 
more d a ta  a re  accepted as In p u t;  th e  re p re s e n ta t io n  
s t r u c tu r e  I s  extended and re v is e d ; a d ia lo g u e  ta kes  p la ce  
w ith  t i e  p re se n t problem  re p re s e n ta t io n ; gaps and m is­
matches a re  d e a lt  w ith  "u n d e rs ta n d in g " . The problem  can be
c h a ra c te ris e d , th u s , ac th e  b u i ld in g  <th ro ug h  s y n th e s is  and 
r e t r i e v a l )  o f  a  sequence o f  success ive  u n de rs tan d in gs , each 
one an e la b o ra tio n  o f  a e a r l i e r  one.
Perhaps th e  c e n tra l Issu es  In  problem  s o lv in g  a re :
1. D e c is io n s  -  w h ich  processes shou ld  th e  problem  s o lv e r  use In  
s o lv in g  t h is  p a r t ic u la r  problem ?
2. The c o n s tru c t io n  and th e  rese a rch : N ils so n  (1971) b e lie v e s
th a t  where a la rg e  nunber o f  a lte r n a t iv e s  m ust be cons ide red 
o r  where ‘ '-e re  a re  seve ra l s te ps  w hich m ust be perform ed In 
sequence, " 5 Is  o f te n  p o s s ib le  to  re p re s e n t th e  p o s s ib i l i ­
t i e s  by means o f  a t r e e  d iagram , In  w hich e ve ry  s te p  is  
l i s t e d ,  below w h ich  eve ry  subsequent cho ice  a t  th e  n e x t s te p  
Is  l i s t e d  (e n d , 1n d iagram s, a con ne c tion  is  In d ic a te d  by a 
l i n e  segm ent).
I t  I s  q u e s tio n a b le , however, w hether a r e a l l y  complex trc-s  
can be b u i l t  up In  one p e rso n 's  m ind. Furtherm ore , o la rg e  
t r e e  cannot u s u a lly  be searched e x h a u s tiv e ly  so  some method 
o f  "p ru n in g "  i s  re q u ire d  t o  e l im in a te  u n 1 Ik e ly  c h o ice s . 
There Is  th e  f u r th e r  d i f f i c u l t y  th a t  th e  s o lv e r  m ust c re a te
th e  t r e e  and may p o s s ib ly  e m it p a r ts  o f  1t  “ because th ey
d id n ’ t  come to  m ind" (D a v is , Jockush and M ckn ig h t, 1978). 
S t i l l  worse th e  feedback from  a problem  w i l l  o f te n  be 
m is le a d in g  (one can seem " t o  be g e t t in g  nowhere" o r  " t o  be 
go ing  In  th e  Hrong d i r e c t io n " )5 perhaps what Is  then
necessary Is  more o f  th e  same tre a tm e n t. (M insky and 
P a p e rt, 1972),
3. Frame r e t r ie v a l  -  B e fo re  one can beg in  t o  s e le c t
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a lte r n a t iv e  courses o f  a c t io n ,  one must make an I n i t i a l  
assessment o f  "p rob le m  typ e” , I . e .  th e  In p u t da te  m ust be 
matched up w ith  seme In fo rm a tio n  re p re s e n ta t io n  s tr u c tu r e  
r e t r ie v e d  from  memory. S tuden ts  o f te n  s tru g g le  a t  t h is  
s ta ge  as th e y  m is re p re se n t th e  typ e  o f  problem  w ith  which 
th e y  a re  d e a lin g  and t r y  to  match up th e  In p u t d a ta  w ith  an 
In c o r re c t ly  chosen c o g n it iv e  re p re s e n ta t io n  s t ru c tu re .
4 . P la nn in g  and C o n tro l -  In  any In vo lve d  problem , one m ust 
make p la n s , t r y  to  c a r ry  o u t th e  p la n s , and e x e rc is e  good 
Judgement abou t when t o  m o d ify  th e  p la n  I f  d i f f i c u l t i e s  a re  
encountered.
B. E xecution  -  C le a r ly  a f t e r  a p la n  has been th o u g h t o u t, one 
m ust c a r ry  o u t th e  p la n  by m o d ify in g  th e  problem , s o lv in g  
a lg e b ra ic  e q u a tio n s , d ra w in g a d iagram , o r  do ing  w hatever 
e ls e  th e  p la n  c a l ls  f o r .
The re c e n t In te r e s t  In  process s tu d ie s  has made I t  c le a r  th a t  
/ I t b f o  Is  known ab ou t th e  d if fe re n c e s  between th e  beha v iou r o f  
v e ry  good problem  s o lv e rs  versu s  v e ry  poor problem  s o lv e rs .  In  
fche la s t  few yea rs  some re a l p ro gress has been made. Schoenfeld 
<1980), Lark In  (1977 ) and L a rk in  e t  a l (1980) re p o r t  s tu d ie s  th a t  
compare th e  p ro b le m -s o lv in g  beha v iou r o f  e x p e rts  w ith  th a t  o f  
n o v ice s . Sane o f  th e  d e v ice s  used by e xp e rts  can be e x p l i c i t ) /  
ta u g h t t o  n o v ices  w ith  good r e s u lt s  (S cho en fe ld , 1979; 1980). 
These dev ices  o f te n  ta ke  th e  form o f  " h e u r is t ic s " ,  a  typ e o f  
vague ad v ice  th a t1. In te rp re te d  c o r r e c t ly ,  can o f te n  be o f  ve ry  
g re a t v a lu e  In  s o lv in g  d i f f i c u l t  problem s. Examples o f 
h e u r is t ic s  In c lu d e : Can you Id e n t i f y  which fe a tu re  o f  th e
*  .kvkKU-rt&U;, .. J f t k A
problem  1s m aking I t  d i f f i c u l t ?  Can you m od ify  th e  problem  so as 
t o  e l im in a te  t h is  d i f f i c u l t y ?  Can you th in k  o f  a somewhat 
.s im ila r  problem  th a t  you do know how to  so lve ?  Can you break 
th e  problem  up In to  p a r ts ,  and deal s e p a ra te ly  w ith  th e  v a r io u s  
p a r ts ?  Of cou rse , h e u r is t ic s  a re  n o t he tp fu?  In  Im proving
p ro b le m -s o lv in g  perform ance un le ss  th e  s tu d e n t a ls o  possesses 
a p p ro p r ia te  te c h n ic a l knowledge. "B re a k in g  a problem  In to  sub- 
p roblem s" Is  u se fu l o n ly  I f  you a re  ab le  t o  so lv e  th e  sub-
T h ls  Is  o f  In te r e s t  t o  th e  p re se n t rese arch  In t h a t  p u p )Is  ta u g h t 
under d i f f e r e n t  methods may e v o lv e  d i f f e r e n t  h e u r is t ic s .
M a te 's  E x t ra p o la tio n  Theory (1980 ) In v o lv e s  c o n c e p tu a lis in g  
ty p ic a l  m athem atica l ta sks  as re q u ir in g  th e  c re a tio n  o f  a match 
between a known s ta nd a rd  " r u le ”  and a ne.* problem  In p u t th a t  does 
n o t p e r fe c t ly  m atch th e  r u le .  Fo r exam ple, c iie  sta nd a rd  r u le  Is  
th e  d i s t r i b u t i v e  law  a (tr» c )= (a b >♦<a c ) ,  Given th e  ta sk  o f 
fa c to r is in g  ( p s ) * ( p w ) * (p t )  no d i r e c t  match can be made between 
th e  task In p u t and th e  memorised r u le .  The gap m ust be c lo s e d , 
e i th e r  by ex te n d in g  th e  s ta nd ard  r u le ,  o r  by m o d ify in g  th e  task 
Inpub. T h is  Is  e ve ry  gene ra l taSk, o c c u r r in g  In  a la rg e  
pe rcen tage o f  m athem atica l uses. Thus M ate ’ s  th e o ry  n o t o n ly  
e x p la in s  much c o r r e c t  perform ance b u t a ls o  e x p la in s  many o f  th e  
common e r r o r s  made by s tu d e n ts .
CHAPTER THREE
METHODOLOGY
The pre ced in g  cha p te rs  have, r e s p e c t iv e ly ,  d iscu ssed  th e
r a t io n a le  fo r  t h is  rese a rch  and rev iew ed th e  r e le v a n t
l i t e r a t u r e .  T h is  c h a p te r w i l l  d e ta il  th e  source o f  th e  da ta ,
th e  s u b je c ts ,  th e  te s ts  In vo lve d  In  th e  s e le c t io n  o f  experim en ta l 
and c o n tro l groups and th e  procedure adopted In  p re s e n tin g  th e  
s u b je c t m a tte r .
SOURCE OF THE DATA
I t  was f e l t  necessary to  In v o lv e  p u p ils  a t  s cho o ls  where th e  f u l l  
sup po rt o f  bo th  th e  Headmaster and Head o f  M athem atics Department 
was guaranteed. T h is  was p o s s ib le  a t  th re e  scho o ls , a l l  o f
w illch  a re  C a th o lic  open c o lle g e s , a t  w hich th e  rese a rche r has 
ta u g h t p re v io u s ly .  The re s e a rc h e r Is  known by th e  p u p i ls  a t  a l l  
t l i re e  o f  th e  above-mentioned C o lle g e s  so th e  p u p ils  were a t  ease 
and re la x e d  In  th e  c lasse s  g ive n .
A t each school fo u r  sep ara te  days were taken t o  conduct th e  
exp e rim en t. On th e  f i r s t  day th e  p r e te s t  and m o tiv a tio n  te s ts
were g iv e n } th e  two groups were then ta u g h t on d i f f e r e n t  days
and on th e  fo u r th  v i s i t  th e  p o s tte s ts  were a d m in is te re d .
Because o f  tim e  c o n s tra in ts  In  th e  o rd in a ry  school c u r r ic u lu m  th e
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rese a rch  was conducted a f t e r  normal school hours a id  t h is  may 
have had an e f fe c t  on th e  re ce p tlve n e ss  o f  s tu d e n ts  to  th e  
c o n te n t m a tte r . A lso  a l l  p u p i ls  a t te n d in g  p r iv a te  C a th o lic  open 
scho o ls  a re  In vo lve d  In  a s c h o o l-s o c ie ta l s e t t in g  w hich , be ing  
d i f f e r e n t ,  may l i m i t  th e  general a p p ! Ic a b l1I t y  o f  t h is  s tu d y .
S pec ia l ca re  was taken n o t t o  make In  te r-s c h o o l b u t r a th e r  '
In tra -s c h o o l com parisons. T h is  was th ou gh t necessary as j
d i f f e r e n t  s cho o ls  may have p ro v id e d  t h e i r  s tu d e n ts  w ith  v a ry in g  |
degrees o f  background knowledge and p ro b le m -so lv in g  s tra te g ie s .  ■
A ls o  th e re  may have been d i f f e r e n t  m o tiv a tio n  le v e ls  tow ards !
m athem atics a t  d i f f e r e n t  scho o ls . '
SUBJECTS
A to ta l  o f  106 p u p ils  were In vo lve d  In  th e  s tu d y : 36 from School
A , 38 from  School B and 32 from School C. Only p u p i ls  who were 
In te re s te d  In  le a rn in g  th e  to p ic  were In c lu de d  In  th e  samples. 
As a r e s u lt  a  h ig h  m o tiv a tio n  le v e l was expected. The absence 
o f u n in te re s te d  p u p ils  a ls o  reduced th e  le v e l o f  d is t r a c t io n .
SELECTION PROCEDURE
The p u p ils  were d iv id e d  In to  th e  c o n v e n tio n a lly  ta u g h t 
(e x p o s ito ry )  group (he nce forw ard  c a l le d  th e  C on tro l Group) and 
the group u s in g  d isco ve ry  techn iq ue s  (he nce forw ard  c e l le d  th e  
E xperim ental G roup). The coo pe ra tio n  o f  th e  te ach ers  was
re q u ire d  In  s e le c t in g  s u b je c ts  fo r  th e  two groups: use was made 
o f  1 ,0 's  (NSAIGT), p re v io u s  s c h o la s t ic  achievem ent (S ta nd ard  9
m id -yea - exams) as w e ll as th e  te a c h e r ’ s persona l knowledge o f  
each In d iv id u a l p u p i l .  The m u lt ip le -c h o ic e  d ia g n o s t ic  te s t  (See 
Appendix I I )  was used to  assess p u p i ls ' background knowledge. 
P u p ils  Wto scored h ig h ly  In  th e  above-m entioned te s ts  were 
a l lo c a te d  to  th e  Experim enta l Group w h ile  p u p i ls  who fa re d  worse 
were se le c te d  fo r  th e  C on tro l Group. The combined r e s u lt s  o f  
D ia g n o s tic  T e s t p lu s  pe rcen tage o f  S tandard 9 m id -yea r was used 
to  o b ta in  a mark o u t o f  80. I t  was p o s s ib le  to  have equal 
nu iibe rs  from  each school In  b o th  groups. As o n ly  p u p i ls  who 
were In te re s te d  In  le a rn in g  abou t l in e a r  programming were
In c lu de d  In  th e  sam ples, th e  a c tu a l numbers In vo lve d  In  th e  
re se a rch  were le ss  than had p re v io u s ly  been a n t ic ip a te d . 
However, th e  le v e ls  o f  m o tiv a tio n  were p ro b a b ly  Im proved. A 
m o tiv a tio n  te s t  (See Appendix I )  was a d n ln ls te re d  b e fo re  the 
p r e te s t  to  de te rm ine th e  p u p i ls ’ a t t i tu d e s  tow ards m athem atics In  
b o th  th e  C on tro l and Experim enta l Groups. A s im i ta r  t e s t  had 
p re v io u s ly  been used on f in a l  ye a r Maths te a ch e rs  In  t r a in in g  a t  
th e  U n iv e rs ity  o f  th e  M ltw a te rs i and.
MOTIVATION LEVEL:
A 5 p o in t  s c a le  fo r  each o f th e  q u e s tio n s  posed In  th e  
q u e s t io n n a ire  r e s u lt s  In  a maximum p o s s ib le  s co re  o f  100. The 
r e s u lt s  o f  th e  m o tiv a tio n  t e s t  were n o t used In  s e le c t io n  o f  th e  
g roups. I t  was expected th a t  some o f  th e  p u p ils  w ith  low 
academic marks m ig h t show r e la t iv e l y  h ig h  m o tiv a tio n a l le v e ls .
HAWTHORNE EFFECT
The fa c t  th a t  b o th  Experim ental and C on tro l Groups were re c e iv in g  
tre a tm e n t m in im ised Hawthorne e f fe c t .
RESEARCH DESIGN
A Q uasi-Expe rim enta l Design w ith  non e q u iv a le n t c o n tro l groups 
(Cohen and Man I on, 1982) was em ployed. Cohen and Man I on (1962; 
p . 156) d i f f e r e n t ia t e  between experim ents and qu as i-exp e rim e n ts  as
"The s in g le  m ost Im p o rta n t d if fe re n c e  between th e  
qu as i-exp e rim e n t and th e  tr u e  experim en t Is  th a t  In 
th e  fo rm er case, th e  re se a rch e r unde rtakes h is  s tudy 
w ith  groups th a t  a re  I n ta c t ,  th a t  I s  to  say , th e  
groups liave been c o n s t i tu te d  by means o th e r than 
randan s e le c t io n ."
Homologous s e le c t io n  as was made has th e  e f fe c t  o f  re d u c in g
ran dom isa tion  w hich Is  e s s e n t ia l to r  t r u e  e x p e rim e n ta tio n .
K e rU n g o r 1970, r e fe rs  t o  qu as i-e xp e rim e n ta l s i tu a t io n s  as
•'compromise designs” . T h is  typ e  o f  des ign  may be rep re sen ted
(E xp e rim e n ta l) 0 i x  0g 
(C o n t ro l) °3  x  04
The d o tte d  l in e  se p a ra tin g  th e  p a r a l le l  rows In th e  diagram  o f  
th e  n o n -o q u lv a le n t c o n tro l group des ign  In d ic a te s  th a t  th e  
experim en ta l and c o n tro l groups have n o t been equated by randomi­
s a t io n  -  hence th e  te rm  "n o n -e q u iv a le n t" .
The independent v a r ia b le  In  t h is  experim en t Is  th e  d i f f e r e n t  
te a c h in g  s tra te g y  and th e  dependent v a r ia b le  Is  th e  perform ance 
o f  th e  p u p ils  once tre a tm e n t has been e f fe c te d .
Both th e  p r e te s t  and p o s t te s t  (se e  Appendices I I I  and IV )  Mere 
marked o u t o f  20. Comparisons wen; th en  p o s s ib le  between b o th  
Experim ental and C on tro l groups b e fo re  and a f t e r  tre a tm e n t.
The p r e te s t  examined knowledge o f  th e  draw ing o f  s t r a ig h t  U n e s j 
shad ing to  ’••opresent In e q u a li t ie s  and a b i l i t y  to  t r a n s la te  a 
s im p le  Word problem  In to  Inequa?I t i e s .  The p o s t te s t  re q u ire d  
th e  can d id a te  to  de te rm ine a fe a s ib le  re g io n  g ive n  c e r ta in  
c o n s tra in ts  and to  de te rm ine an optimum s o lu t io n  t o  a ty p ic a l 
l in e a r  programming problem .
A comparison o f  the change In  perform ance o f  b o th  groups from  
p r e te s t  t o  p o s tte s t gave an In d ic a t io n  o f  th e  r e la t iv e  
e f fe c t iv e n e s s  o f  th e  tw o te a ch in g  s tr a te g ie s .
PROCEDURE ADOPTED IN PRESENTING SUBJECT MATTER
About two hours  o f  te a c h in g  tim e  were needed In  p re s e n tin g  th e  
m a te r ia l to  b o th  C on tro l and Experim ental groups.
I' V  ' i
]■
EXPOSITION (CONTHOL GROUP)
Very l i t t l e  v a r ia t io n  In  th e  te ch n iq u e  adopted towards s o lu t io n  ^
o f  problem s was p e rm itte d . A l l  p u p i ls  were re q u ire d  to  under­
s ta nd  and r jg o j'o u s ly  foU ow  a s e t procedure fo r  s o lu t io n  o f 
l in e a r  programming problem s. A s te p -b y -s te p  exposure was 
p resen ted In  th e  s o lu t io n  o f  4 ty p ic a l problem s. T h e re a f te r  a o'
proorammed s te p -b y -s te p  s o lu t io n  to  one fu r th e r  problem  was [ :
gW en. r e 'iu lr l i iQ  th e  pup) ) s  to  adhere to  a  s t r i c t  o ld e r .  j !
The s te ps g ive n wereJ <
1. W rite  down a l l  v a r ia b le s  In  th e  problem . ■
3. C eclde on W ia t num erica l va lu e s  ( r e a l , In te g r a l , n a tu ra l)  i ,
these v a r ia b le s  may have. |
3 . L^se l axes, c a r e fu l ly  d e s c r ib in g  each v a r ia b le .  I
4 . S e t up In e q u a li t ie s  In v o lv in g  g iven c o n s tra in ts .  |
5 . S e t up Inectual I t f e s  in v o lv in g  impl I c l t  c o n s tra in ts .  j
6 . Set up In e q u a li t ie s  deduced from  g ive n  In fo rm a tio n . j
7 . O b ta in  t l ie  fe a s ib le  re g io n  by g ra ph in g  a l l  th e  above 1
in e q u a l i t ie s .  j
8 . O b ta in  an e q ua tion  fo r  th e  o p t im is a t io n  re q u ire m e n t. j
9 . P lo t  th e  In te rc e p ts  o f  th e  above e q ua tion  on th e  axes, and ^
draw a 1Ine . j
10. Use a s e t square and r u t  o r  to  o b ta in  m o th e r  l in e  p a r a l le l  j
to  tlte  above l i n e  to  In te rs e c t the fe a s ib le  re g io n  arid j :




A v e ry  b r ie f  In tro d u c t io n  t o  systems o f  l in e a r  In e q u a li t ie s  was 
g ive n  le a d in g  t o  th e  concept o f  a fe a s ib le  re g io n . I t  was 
suggested th a t  a summary o f  th e  da ta  be w r i t t e n  up In  ta b le  
fo rm . P u p ils  were d e l ib e ra te ly  n o t t o ld  how to  d e te rm ine  an
o b je c t iv e  fu n c t io n  n o r  were th e y  to lu  th a t  o p tim a l s o lu t io n s  
e x is t  a t  th e  v e r t ic e s  o f  th e  po lygon e n c lo s in g  th e  f e a s ib i l i t y  
re g io n . No I l l u s t r a t i v e  examples were done by th e  te a ch e r. 
Guidance to w a rds s o lu t io n  was p ro v id e d  In  te rm s o f broad h in ts  
about th e  govern g c o n s tra in ts  and o p t im is a t io n  req u irem en t. 
P u p ils  were a llo w e d  to  work in  p a ir s  and to  sha re  t h e i r  Ideas In 
anal 1 g roups. In d iv id u a l Ideas re g a rd in g  s o lu t io n  were
c o n s ta n tly  encouraged. P u p ils  were a ls o  encouraged to  r e f l e c t  
on t h e i r  In d iv id u a l a c t io n s  d u r in g  and a f t e r  th e  s o lu t io n  
pro cess . The p u p ils  were n o t g ive n  any Idea about th e  te a c h e r 's
p ro b le m -s o lv in g  s tra te g y  and were th u s  re q u ire d  to  develop t h e i r
CHAPTER FOUR
RESULTS OF THE STUDY
In  t h is  cha p te r th e  r e s u lt s  o f  th e  s tu d y  a re  analysed.
Q uestions d e r iv e d  frc*n th e  rese a rch  hypotheses a re  posed, and In 
th e  1Ighfc o f  th e  da ta  c o l le c te d , a re  answered. The hypotheses
a re  s ta te d  below In  th e  n u l l  form .
Ho 1 . :  There Is  no s ig n i f i c a n t  d if fe re n c e  In  perform ance o f  
p u p i ls  In  ! I near p roQ ru im lng as a r e s u l t  o f  th e  
d l f f e ie n t  te ach in g  s t r u l ’pg les adopted.
Ho 2.5 S tuden ts  w ith  d i f f e r e n t  a p titu d e s  w i l l  n o t b e n e f i t  
d l f f e r e n t l y  as a r e s u l t  o f  th e  d i f f e r e n t  te ach in g  
methods.
TJi6 C on tro l Group and th e  Experim ental Group were c o n s t i tu te d  by
a n a lys in g  t l ie  r e s u lt s  o f  the D ia g n o s tic  Tes t and fctie r e s u lts  
o b ta in e d  in  the s ta nd a rd  9 m Id -y ia r  exam ination  (p re v io u s
ach ievem ent). The M o tiv a tio n  Level r e s u lt s  were con s ide re d  o n ly  
wfieti the#-e was no c le a r - c u t  d if fe re n c e  In  the r e s u lt s  o f  th e  
p re v io u s  two te s ts  In  d e te rm in in g  In to  w hich group a 
"b o i-d e r- l Ino”  s tu d e n t shou ld  be p la ced . t .Q . 's  Mere a v a i la b le  
i.o th e  re se a rch e r and were used to  check on In d iv id u a l cases th a t  
seiaiied to  be In t ire  In a p p ro p ria te  g r r  ? a f te r  i i . . i ly " i i ig  a l l  th e  
otlicB- re«5u lts.
x y
T ab le  1 g ive s  She r e s u lt s  ob ta in e d  by a l l  th e  p u p i ls  In  th e  
D ia g n o s tic  T e s t and In  th e  s ta nd a rd  9  m id -yea r exams. A mark 
o u t o f  80 was ob ta in e d  by adding th e  raw mark ob ta in e d  on th e  
D ia g n o s tic  T e s t (e x  30) to  th e  pe rcentage ob ta in e d  In  th e  
m id -ye a r exam reduced to  a  mark o u t o f  50 . T h is  arrangement was 
con s ide re d  t o  be a f a i r  r e f le c t io n  o f  th e  s tu d e n ts ' m athem atica l 
a b i l i t y  by th e  rese a rche r and te ach ers  a l ik e .
TABLE 1 : MATHEMATICAL ABILITY OF SUBJECTS IN  CONTROL AND 
EXPERIMENTAL GROUPS.
CONTROL GROUP EXPERIMENTAL GROUP
. =>up11 No PA (5 0 )  DT (3 0 )  TOT <80-? . _PA_(_50-) DT (3 0 )  TOT J  80 ),
2 7 .5  18 45 .5  28 18 46
3 5 .5  20 5 5 .5 *  39 .5  16 55 .5
32 .5  12 44 .5
29 .5  20 49 .5
32 .5  24 56 .5
CONTROL GROUP EXPERIMENTAL GROUP











CONTROL GROUP EXPERIMENTAL GROUP
>u p M No PA (5 0 ) pT (3 0 )  TOT (8 0 )  PA (5 0 ) DT (3 0 ) TOT (B
24 .5  18 42 .5  3 2 .5  27 59 .5
26 .5  14 40 .5  24 .6  29 53 .5
3 0 .5  14 4 4 .5  45 30 75
16 12 28 2 4 .5  28 52 .5
20 11 31 27 25 52
2 5 .5  19 4 4 .5  30 24 54
23 .5  15 38 .5  2 9 .5  16 45.6
29 .5  18 4 6 .5 *  30 .5  17 47 .5
24 14 38 27 25 52
KEY* PA s P rev io us  achievement 
DT s D ia g n o s tic  T e s t 
TOTs To ta l
*  Pup! is  wlio were regarded as Experim enta l Group 
m a te ria l b u t whose te ach ers  b e lie v e d  slvau!d be p u t In to  
C on tro l Group based on 1 .0 . and o th e r  knowledge.
I! In s is te d  on be ing  p la ced  In to  Experim enta l Group.
To te s t  whether th e  d if fe re n c e  In  means o f  th e  two groups was 
s ig n i f i c a n t ,  use was made o f  th e  fo rm ula  
x i  "  x*2
z " ~ j = r -
s y  V n v  1/n g
= ( n i  -  1 )Si® + <ng -  1 ) Sg^
S-j2 °  van I m c e  o f  c o n tro l group 
Sg2 = va r ia n c e  o f  experim en ta l group.
In  th e  above case
SO.2 -  40.35
s j  U B3  *  1/53
where (5 2  X  6 3 .1 3 ) *  (5 2  X  51 .3 4 )
S2 =   .    --
53 *  53 -  2
The v a lu e  o f  Z  Is  equal t o  6 ,7 0  w hich Is  s ig n i f ic a n t  a t  th e  0,01
C onclusions There Is  a s ig n i f ic a n t  d if fe re n c e  <p < 0 ,0 1 ) between 
th e  tw o means.
Upon c lo s e  In s p e c tio n  o f th e  f ig u re s  In  Tab le  I  I t  Is  e v id e n t 
th a t  th e re  a re  a few p u p i ls  (marked w ith  a s te r is k s )  who, th ro ug h  
t h e i r  own in s is te n c e  o r  th a t  o f  t h e i r  te a ch e r, were p la ced  W  th e  
In a p p ro p ria te  group In  term s o f  t h e i r  r e s u lt s .  In  th e  o p in io n  
o f  th e  re se a rch e r, t h is  d id  n o t have any s ig n i f ic a n t  b e a r in g  on 
th e  means ach ieved by th e  two groups.
h i - . ..JH  . 46 tiL»  - * ,»
V /
I t  !s  In te r e s t in g  to  n o te  th a t  th e  Experim ental Group mean was 10 
p o in ts  above th a t  o f  th e  C o n tro l Group on th e  80 s c a le . T h is  
re p re se n ts  an a b i l i t y  d if fe re n c e  o f  ove r 12%. I t  sho u ld  a ls o  be 
noted th a t  v e ry  weak can d id a te s  ( "p o te n t ia l  fa i lu r e s "  In  th e  eyes 
o f  t h e i r  te a ch e rs ) were n o t a llo w e d  (b y  t h e i r  te a c h e rs )  to  ta ke  
p a r t  In  th e  experim en t. I t  Is  b e lie v e d  by th e  researchier th a t
t h is  re s u lte d  In  a mean mark fo r  th e  C on tro l Group w hich was 
s u b s ta n t ia lly  h ig h e r than th a t  o r ig in a lK  ected .
To f u l l y  a p p re c ia te  th e  d if fe re n c e s  In  ap . :ude in  m athem atics I t  
was th o u g h t necessa-y to  o b ta in  m o tiv a tio n a l le v e ls  and I .O . 's  
fo r  each p u p l1.
Tab le 2 summarises th e  I . Q . 's  and m o tiv a tio n a l le v e ls  o f  th e  
Experim ental and C on tro l groups a t  th e  th re e  scho o ls  In vo lve d  In 
th e  experim en t.
SU'I'IARY OF MOTIVATION LEVELS AND I .Q . 'S  OF THE PUPILS IN  THE
TWO GROUPS AT THE DIFFERENT SCHOOLS.
SCHOOL A: M.L.
CONTROL (n  = 19) 
EXPERIMENTAL (n  = 19) 116
SCHOOL Bi
CONTROL (n  = 18) 
EXPERIMENTAL (n  » 18)
SCHOOL C:
CONTROL (n  = 16) 
EXPERIMENTAL I n  -  16)
r
From th e  above ta b le ,  I t  I s  e v id e n t th a t  In  a l l  th re e  schoo ls  
th e re  was a d e f in i t e  d lf f s re n c e  In  I .Q .* s  and M o tiv a tio n  Le ve ls  
between th e  Experim ental Group and th e  C on tro l Croup. The 
Experim enta l Group was th e re fo re  regarded as ha v ing  a g re a te r  
m athem atics! a p t itu d e  tlian  th e  C on tro l Group.
The M o tiv a tio n  Level T e s t (se e  Append!) I ) c o n s is te d  o f  20 
q u e s t io n s . Marks a l lo c a te d  Mere on a ■ ■ ■. n t  s c a le . The
q u e s tio n s  were designed to  evoke p o s i t iv e  fe e l in g s  ( o r  o th e rw is e ) 
toward}* m athem atics as a s u b je c t as w e ll as th e  con cep tion  o f  
m athem atics n o t s im p ly  as a u se fu l to o l b u t fo r  more a e s th e tic  
v a lu e . I t  was expected th a t  pupI I s  w ith  a h ig h e r a p t i tu d e  and 
b e t te r  perform ance ( I n  p re v io u s  maths exams) would show h ig h e r 
m o tiv a tio n  le v e ls .  The raw scores o f  th e  In d iv id u a l p u p i ls  a re  
g iven In  Tab le  3 below.
„  » » -   J l S U  i L . r  .. „
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RAW SCORES OBTAINED ON THE MOTIVATION QUESTIONNAIRE BY PUPILS 
IN  THE CONTROL GROUP AND EXPERIMENTAL GROUP
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Using th e  p re v io u s  fo rm ula  
X1 -  X2
s / l / n - i  *  1 /n g
Z was c a lc u la te d  to  be -1,87. There Is  a s ig n i f ic a n t  d if fe re n c e  
( p  < 0 ,0 1 ) betw een, bite means. A lth ou gh the d if fe re n c e  is
s ig n i f i c a n t ,  th e re  is  o n ly  a 10% d if fe re n c e  fo r  the  Experim ents! 
Group ove r th e  C on tro l Group. The m o tiv a tio n  le v e l o f  th e  
C on tro l Group was c e r ta in ly  h ig h e r than what was expected by th e  
rese a rche r.
Tab le «l shows th e  p re te s t and p o s tte s t marks a t ta in e d  by th e  two 
groups. The rese a rche r used a co lle a g u e  to  moderate th e  te s ts
and to  check th a t  p a r t  marks were awarded a c c u ra te ly  and 
c o n s is te n t ly .
IPRETEST AND POSTTEST MARKS OBTAINED BY PUPILS IN THE 
CONTROL GROUP AND EXPERIMENTAL GROUP
CONTROL GROUP EXPERIMENTAL GROUP
PRETEST POSTTEST t \  PRETEST POSTTEST
CONTROL GROUP EXPERIMENTAL GROUP
PRETEST POSTTEST A
CONTROL GROUP EXPERIMENTAL GROUP
PRETEST POSTTEST A  PRETEST
A  rep re sen ts  th e  change In  each In d iv id u a l" s  marks a t ta in e d  
from p re te s t to  p o s tte s t.
The means and Standard d e v ia tio n s  a re  g iven In  Tab le  5 .
SIM'IARY OF RESULTS OBTAINED ON PRETEST AND POSTTEST 




tfiien com paring th e  r e s u lt s  o f  th e  two groups on th e  p re te s t ,  Z as 
c a lc u la te d  acco rd ing  to  th e  p re v io u s  fo rm ila * -
lias a v a lu e  o f 4 ,59 . There Is  a s ig n i f ic a n t  d if fe re n c e  
<p < 0 ,01 ) between th e  means o f  th e  p re te s t marks.
When com paring th e  r e s u lt s  o f  th e  two groups on th e  p o s t te s t  th e
Z va lu e  was c a lc u la te d  to  be 0,143. T h is  In d ic a te s  th a t  th e re
was no s ig n i f ic a n t  d if fe re n c e  between the means o f  th e  p o s tte s t
The mean d if fe re n c e , 5 , re p re s e n tin g  th e  change In  mean marks 
from p re te s t to  p o s tte s t Is  g iven below*
C on tro l Group* D = +1,13
Experim ental Group* D = -2 ,1 7 .
-  *2
I t  Is  e v id e n t from  Tab le  4 th a t  p u p ) Is  In  th e  C on tro l Group 
experienced a b ig g e r Improvement th an  those In  th e  Experim ental
Improved th e i r  p o s t te s t  marks ove r t h e i r  p r e te s t  m arks, 6 
remained th e  same and 14 showed a d e te r io ra t io n .  Of th e  53
pu ''11 s in  th e  Experim ental Group, 10 Improved th e i r  p o s tte s t 
marks ove r t h e i r  p re te s t marks, 7 rem ained th e  seme and 36 
experienced a d e te r io ra t io n .
S t a t i s t i c a l A n a ly s is  o f  D iffe re n c e s :
1. Experim ental Group (n  *  53)
P re te s t means 13,83. P o s tte s t meant 11,66 
Mean d if fe re n c e  0 -  -2 ,1 7
Standard  d e v ia t io n  o f  d ( f fe re nce s i Sg =
Of th e  53 p u p ils  In  th e  C on tro l Group, 33 p u p ils
2,92
Standard e r r o r  o f  mean d iffe re n c e s
'I here Is  a s ig n ) f t  can t d if fe re n c e  (p  < 0 ,001) between th e  mean 
d iffe re n c e s  o f  p re te s t and p o s tte s t marks o f  th e  Experim ents!
2. C on tro l Group <n = 53)
P re te s t means 10,64 P o s tte s t means 11,77 
Mean d if fe re n c e  D = *1 ,1 3
S tandard d e v ia t io n  o f  d lf fe re n c e s i Sp = ^ 2  d2 
Standard e r r o r  o f  mean d iffe re n c e s
D 1,13
35 0,408
There Is  a s ig n i f ic a n t  d if fe re n c e  <p < 0 ,01 ) between th e  me 
d if fe re n c e s  o f  p r e te s t  and p o s t te s t  marks o f  th e  C on tro l Group.
I t  was th ou gh t necessary to  ana lyse  th e  r e s u lt s  o f  th e
Experim ental and C on tro l Groups a t th e  th re e  d i f f e r e n t  scho o ls .
T h is  was done to  see w hether th e  tre n d s  observed were ty p ic a l o f
a l l  th re e  scho o ls  and a ls o  to  check (b y  A n a ly s is  o f  V a ria nce )
whether the  r e s u lt s  would be a f fe c te d  because o f  d if fe re n c e s  In 
In d iv id u a l s cho o ls . The r e s u lt s  a re  summarised In  Tab le  6 :
SLM1ARY OF THE RESULTS OBTAINED ON THE PRETEST AND THE POSTTEST 
BY THE TWO GROUPS AT THE THREE INDIVIDUAL SCHOOLS.
CONTROL GROUP EXPERIMENTAL GROUP
SCHOOL A PRETEST POSTTEST PRETEST POSTTEST
X 10,42 11,63 13,74 11,95
2,91 3,53 4 ,5 7  3,30
1,21 °  . -1 ,7 9
SCHCHX B
X 10,83 12,00 13,33 11,11
4,39  5,61 3,77  4,65
1,17 -2 ,2 2
SCHOOL C
10,69 11,69 X 14,50 11,94
2,57  2 ,95 3,82  3 ,96
D 1,00 -2 ,5 6
From th e  Tab le  I t  can be seen th a t  p u p i ls  a t  a l l  th re e  schoo ls  In 
th e  C on tro l Groups Improved th e i r  p o s tb e s t marks ove r t h e i r  
p re te s t marks w h ile  a t  a l l  th re e  scho o ls  p u p ils  In  th e  
Experim enta l Groups experienced a d rop In  th e  p o s tte s t marks ove r 
th e i r  p r e te s t  marks.
jf&hpSr (Afef c_ liftTlfiahai liH> *
'  igiK i
V
Ai> a n a ly s is  o f  v a r ia n c e  was done on th e  r e s u lt s  acco rd ing  to  a 
method In  Fundamental S t a t is t ic s  In  Psychology and Education 
<Gul 1 fo rd  and F n ic h te r , 1973, 5 th  E d it io n ) .
1. P re te s t R esu lts
T o ta l Sun o f  Squares was ob ta in e d  u s in g  the  fo rinu la  
<SS)'cot “  2 T <X -  Wt)®» M tere X re p re se n ts  th e  raw scores
ob ta in e d  by th e  106 p u p ils  In  th e  p re te s t and f’l t  Is  th e  t o ta l  
mean fo r  th e  e n t i r e  sample i
? X
Mt  ---------   12,235
In  t h is  case.
The c a lc u la te d  v a lu e  o f  <SS) roT was 1646,8.
fh e  d a ta  d e r ive d  from  th e  experim en t may be ta b le d  as fo llo w s :






COMTROL GROUP EXPERIMENTAL GROUP
z  190 
X 10,42








SL i7 i 
X 10,69
Z  232 
X 14,6
X  10,64 
I  664
7he so ti o f  between groups ?s o b ta in e d  as
<SS)g == n r < Z  (Ms. -  M t)S )
= 6 3 x 1  [(1 0 ,6 4  -  12 ,235)2 *  <13,83 -  1 2 ,2 3 5 )* ]
’x /
The sum o f  squares between scho o ls  1s o b ta in ed  as 
<SS)s = n ( £  (Ms -  M t)2 )
-  32 (1 2 ,6 0  -  12 .235 )2 ♦ 36 (1 2 ,0 8  -  12,235)2 
> 38 (1 2 ,0 8  -  12 ,235 )2
The In te ra c t io n  va ria n ce  (S S ) j was o b ta in e d  as fo llo w s !
<SS) j  = n (£ (M s g  -  M t)2 )  -  269,66 -  6 
-  19 ( <10,42 -  12 ,235)2 + (1 3 ,7 4 -1 2 ,235)2 ) )
*1 9  < (1 0 ,8 3  -  12 ,235 )2 *  (1 3 ,3 3  -  18 ,235 )2 )
*1 6  ( (1 0 ,6 9  -  12 ,235)2 *  (1 4 ,5  -  1 2 ,2 3 5 )2 ))-  375,66
= 19 (5 ,6 6 )  *  18 (3 ,0 7 )  *  16 (7 ,5 2 )  -  275,66 
= 105,6 *  5 5 ,3  *  120,3 -  275,7
(SS) ( w i th in  s e ts )  = 1646,8 -  269,7 -  6 -  L ,5  
= 1365,6.
The r e s u lt s  a re  summarised belows
Source ss d f  ms F - ra t lo
Groups 269,7 1 269,7 19 76
Schools 6 2 3 0,22
In te ra c t io n  5 ,5  2 2 ,75  0,20
. th in  Sets 1365,6 100 13,65
o ta l 1646,8 105
F ran th e  F - ra t lo s  o b ta in e d  I t  can be concluded th a t  In te ra c t io n  
e ffe c b s  and d if fe re n c e s  due t o  th e  d i f f e r e n t  school a re  n o t 
s le r iif lu a n fc .
VThe F v a lu e  o b ta in ed  fo r  th e  groups Is  w e ll beyond th e  F va lu e  
re q u ire d  fo r  s ig n if ic a n c e  a t  th e  0,01 le v e l .  I t  may be
concluded th a t th e  d lf fs re n c e s  in  p re te s t scores were dependent 
upon o n ly  th e  groups (E xpe rim enta l and C o n tro l) In vo lved .
2 . P o s tto s t r e s u lts
A s im i la r  s t a t i s t i c a l  a n a ly s is  on th e  p o s tte s t r e s u lt s  was done. 
The r e s u lt s  a re  summarised below :
Source ss ms F - ra t lc
Groups 0,3 0,3 0,02
Seliool s 1,4 2 0,7 0,04
In te ra c t io n 8 ,3 2 4,15 0.26
W ith in  Sets 1619,9 100 16,2
T o ta l 1629,9 105
The r e s u lts ob ta in ed  c o n f l rm Mhafc was shown e a r l le r :
p o s t te s t  scores, th e re  a re  no s ig n if ic a n t*  d if fe re n c e s  between the 
groups. A lso  th e re  a re  no s ig n i f i c a n t  d if fe re n c e s  between th e  
d i f f e r e n t  schoo ls  and th e re  a re  no s ig n i f i c a n t  In te ra c t io n s  
between scho o ls  and groups.
CONCLUSIONS!
In  th e  l i g h t  o f  th e  above r e s u lt s  b o th  n u l l  hypotheses are 
re je c te d .
The rese a rch  hypotheses aenera te  qu es tio ns  w hich a re  l i s t e d  below 
and In  t l ie  l i g h t  o f  th e  s t a t i s t i c a l  a n a ly s is  done a re  then 
answered!
Research qu es tio ns  d e r ive d  from  Ho 1.
Q. C D  Is  th e re  a d if fe re n c e  In  perform ance o f  p u p i ls  In
l in e a r  programming as a r e s u l t  o f  th e  d i f f e r e n t  
te a ch in g  s tra te g ie s  adopted?
A. $ P u p ils  1*10 were ta u g h t under d i f f e r e n t  s tra te g ie s
d id  perfo rm  d i f f e r e n t ly .
Q. ( 2 )  D id  p u p i ls  1*10 were ta u g h t by e x p o s ito ry  methods
show any s ig n l f I  ca n t d if fe re n c e  In  perform ance 
from  p r e te s t  t o  p o s tte s t?
A s P u p ils  ta u g h t by e x p o s ito ry  methods showed a
s ig n i f ic a n t  Improvement.
0 . ( 3 )  D id  p u p i ls  ta u g h t by d isco ve ry  methods show any
s ig n i f ic a n t  d if fe re n c e  In  perform ance from  
p re te s t to  p o s tte s t?
A s P u p ils  ta u g h t by d isco ve ry  methods showed a
s lg n l f l c a n t  d e te r io ra t io n .
Research qu e s tio n s  d e r ive d  from Ho 2.
0 . ( 1 )  D id s tu d e n ts  o f  h ig h e r m athem atica l a p t i tu d e /
a b i l i t y  show a marked Improvement In  th e  s o lu t io n  
o f  l in e a r  programming problem s when ta u g h t by 
d isco ve ry  methods?
A. s S tuden ts  o f  h ig h e r m athem atica l a p t i tu d e /
a b i l i t y  sliowed no s ig n i f i c a n t  Improvement In  th e  
s o lu t io n  o f  l in e a r  prognartnlng problem s when 
ta u g h t by d isco ve ry  methods.
D id s tu de n ts  o f  low er m athem atica l a p t i tu d e / 
a b i l i t y  show a marked Improvement In  th e  s o lu t io n  
o f  I In ea r programming problem s when ta u g h t by 
e x p o s ito ry  methods?
S tudents o f  low er m athem atical a p t i tu d e /  
a b i l i t y  showed a s ig n i f i c a n t  Improvement In th e  
s o lu t io n  o f  l in e a r  programming problems when 
ta u g h t by e x p o s ito ry  methods.
CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECCfMENDATIGNS
The Issu e o f  e f fe c t iv e  te a ch in g  fo r  op tim a l le a rn in g  Is  a 
ne cesru ry  conoarn o f  eve ry  te a ch e r. The Im p a rtin g  o f knowledge 
Is  so Im po rtan t as to  encourage d i f f e r e n t  te a ch in g  s ty le s  th a t  
a ttem p t to  Improve p u p il perform ance. Fey (1979 ) b e lie v e s  th a t  
th e re  Is  l i t t l e  Immediate hope th a t  In s tru c t io n a l rese arch  w i l l  
y ie ld  new Ideas o r  co n v in c in g  sup po rt fo r  any e x is t in g  s tra te g y  
o r  te chn iq ue . Fey (1979Sp.496) p u ts  I t  as fo llo w s  :
"T h ere  Is  no c o n s is te n t p a tte rn  o f  r e s u lt s  fa vo u rin g  
r e c i t a t io n ,  d is c o v e ry , sm all group o r  In d iv id u a liz e d  
approaches In  m athem atics te a ch in g : th e re  Is  no
dem onstrably s u p e r io r  way to  Id e n t i f y  th e  knowledge, 
experiences o r  persona! t r a i t s  o f  peop le  who w i l l  be 
c o n s is te n t ly  e f fe c t iv e  te a ch e rs . There are
c e r ta in ly  e f fe c t iv e  te ach e rs  o f  m athem atics, 
te ach e rs  whose s tu d e n ts  en joy  and le a rn
m athem atics. B u t a t  th e  p re sen t tim e , such
e ffe c t iv e n e s s  appears to  be th e  r e s u lt  c f  classroom  
a c t iv i t y  th a t  Is  an Id io s y n c ra t ic  p ro du c t o f  a 
c o n s ta n tly  changing In te ra c t io n  among th e  teacher, 
the  s tu d e n t, and th e  m athem atics be ing  ta u g h t" .
The p re sen t rese arch  .h a s  a ttem p ted to  compare th e  e ffe c t iv e n e s s  
o f  d isco ve ry  te chn iques and e x p o s ito ry  techn iques In  th e  te ach in g  
o f  L in e a r Programming to  South A fr ic a n  h ig h  school p u p i ls .  The 
co n tro ve rsy  about d isco ve ry  and e x p o s ito ry  te a ch in g  seems to  
c e n tre  e s s e n t ia l ly  about th e  q u es tio n  o f how much and what k in d  
o f  gu idance should be p ro v id e d  to  s tu d e n ts  In  th e  le a rn in g  
s i tu a t io n .  Shut man ( l9 b 5 ip .3 -()  sees th e  two p o s it io n s  as
" th o s e  fa vo u rin g  le a rn in g  by d isco ve ry  advocate th e  
te ach in g  o f  broad p r in c ip le s  and problem  s o lv in g  
th ro ug h  m inimal te ach er guidance and maximal
r a w * .
o p p o r tu n ity  fo r  e x p lo ra t io n  and fc r la l-a n d -e r ro r  on 
t l ie  par-t o f  th e  s tu d e n t. Those p r e fe r r in g  guided 
le a rn in g  emphasize th e  Im portance o f  c e r e fu l ly
sequencing in s t r u c t io n a l experiences th ro ug h  maximum 
gu idance and s tre s s  th e  Im portance o f  ba s ic
a s s o c ia tio n s  o r  fa c ts  In  th e  s e rv ic e  o f  th e  eventua l 
m as te rin g  o f p r in c ip le s  and problem  s o lv in g " .
Shulman ( 1% 0: p .36) examines th e  p o s it io n s  h e ld  by Gagne and
Bruner on t h is  Issue and h is  sumnary o f  th e  two p s y c h o lo g is ts  !
encapsu la tes th e  e s s e n t ia l d i f fe re n c e  : |
" f o r  Gagnei In s t r u c t io n  Is  a sm ooth ly gu ided to u r  up 
a r a r e fu l ly  c o n s tru c te d  h ie ra rc h y  o f  o b je c tive s?  
fo r  B runer In s t r u c t io n  Is  a r o l le r - c o a s te r  r id e  o f 
d ls e q u l1Ib r la  and e q u i l ib r ia  u n t i l  th e  de s ire d  
c o g n it iv e  s ta te  Is  reached o r  d isco ve re d ".
Im p l ic i t  In  t h is  c o n tra s t Is  a d if fe re n c e  In  what Is  meant by th e  
v e ry  words ' le a r n in g  by d is c o v e ry * . Fo r Ca©ne, le a rn in g  Is  th e  
g o a l. How a beha v iou r o r  c a p a b i l it y  Is  1 earned Is  a fu n c tio n  o f  
th e  ta s k . I t  may be by d is c o v e ry , by gu ided te a c h in g , by d r i l l  
o r  by re v ie w . The focus Is  on le a rn in g  and d isco ve ry  Is  b u t one 
way to  le a rn  som ething. Fo r Bruner I t  Is  le a rn in g  by
d is c o v e ry . The method o f  le a rn in g  is  th e  s ig n i f i c a n t  aspect.
In s t r u c t io n a l approaches need to  be ap pra ised fo r  t h e i r  
e f fe c t iv e n e s s  In  te rm s o f  s h o r t- te rm  ga ins  an 'i lon g -te rm  g o a ls . 
P ressu re fo r  Immediate m easurable r e s u lt s  o f te n  leads to  te ach ers  
•’ cramming" knowledge In to  th e i r  p u p i ls ' heads. Novak 
(19 78 :p .1>  p u ts  I t  b lu n t ly  s
"Knowledge a cq u ire d  by ro te  le a rn in g  Is  soon lo s t ,  i
and even b e fo re  I t  Is  fo rg o t te n , t h is  knowledge r
cannot be used e f f e c t iv e ly  in  p ro b le m -so lv in g . In  ...
art e f f o r t  to  reduce te a c h in g  p ra c t ic e s  th a t  f.
encouraged ro te  le a rn in g , new cu rr icu lu m  e f f o r t s  and 
su p p o rtin g  fe d e ra l actsncles adopted a dogmatic
adherence to  'd is c o v e ry  ap proaches"'
-  .
There was, however, no guarantee th a t  d isco ve ry  teach ing  
approaches procftjced m eaningfu l le a rn in g . Novak ( 1978>p,2) 
con tin u e s  s
" w h ile  d ls c o v ^ y  le a rn in g  s tra te g ie s  have some 
Im po rtan t and un ique  e d uca tion a l va lu e s , I t  Is
ob v iou s th a t ou r c u ltu r a l h e r ita g e  c re a te d  by 
geniuses over th e  p a s t th re e  o r  fo u r  c e n tu rie s  
canno t to -ed lscovered by ou r p u p i ls  In  te n  o r  
f i f t e e n  y e a rs . I t  fo llo w s , th e re fo re , th a t  the
c e n tra l task o f  schoo ls  Is  to  make e x p o s ito ry  
te ach in g  and re c e p tio n  le a rn in g  more m ean ing fu l” .
In  th e  South A fr ic a n  s i tu a t io n ,  we may look a t  m athem atical 
ecfcjcation In  te rm s o f  th e  Beeby (19 66 ) mode) o f  ed uca tion a l 
systems In  deve lo p in g  c o u n tr ie s . Webb ( 198't> p la ces  South
A f r ic a  In  s tage l i t  th e  s tage o f  fo rm alism , a t  w hich teachers 
a re  tra in e d  b u t p o o r ly  educated. The classroom  Is  h ig h ly
o rg an ise d , s y l la b i  a re  r ig id ,  te x tb o o ks  a re  f ix e d  and th e re  i s  a 
s tro n g  emphasis on In s p e c tio n . S e t In  t h is  t i g h t l y  s tru c tu re d  
fo rm a t, w ith  a h ig h ly  exam -o rien ted  system encou rag ing a 
s te re o ty p e d , w o rk - to - ru le  approach w ith  th e  In e v ita b le  
"spoonfeed ing”  o f  p u p i ls ,  I t  is  sm all wonder th a t  South A fr ic a n  
s tu de n ts  a re  p o o r ly  p repa red as problem  so lve r s.
C onclus ions:
The d a ta  generated from th e  s tu dy  and subsequent s ta t is t ic a l  
a n a ly s is  would in d ic a te  th a t p u p i ls  In  th e  Experim enta l Group d id
n o t b e n e f i t  from d isco ve ry  te ach in g  as much as p u p i ls  In  th e
C on tro l Group d id  from  e x p o s ito ry  te a ch in g . There seems to  be 
an acu te  lack  o f  I n i t ia t i v e  In  most o f  tl>e p u p i ls  In  th e
v y
experim en ta l group. Very few were a b le  to  hand le th e  cha llen ge 
o f  a novel s i tu a t io n  on t h e i r  own. W ithou t any s u b s ta n tia l 
gu idance In  th e  m a tte r  o f  s o lv in g  L in e a r Programming problem s, 
th e  m a jo r i ty  o f  p u p i ls  In  th e  Experim enta l Group showed no marked 
Improvement in  L a i r  a b i l i t y  t o  s o lv e  L in e a r Programming 
problem s. On th e  o th e r hand, pun11s In  th e  C on tro l Group,
d e s p ite  be ing  o f  a po o re r m athem atical background, were a b le  to  
c lo s e ly  fo llo w  a s e t o f  r u le s  In  a procedure fo r  th e  s o lu t io n  o f  
L in e a r Programming problem s. The m a jo r i ty  o f  th e  p u p ils  In  th e  
C on tro l Group showed a s ig n i f ic a n t  Improvement In  t h e i r  a b i l i t y  
to  so lv e  L in e a r P ro g ra m in g  problem s.
I t  would appear th a t  th e  South A fr ic a n  system o f  m athem atics 
ed uca tion  encourages e x p o s ito ry  te a ch in g . E x p o s ito ry  te ach in g  
would appear to  a llo w  th e  weaker s tu d e n t to  r e ly  e n t i r e ly  on th e  
te a c h e r ’ s a b i l i t y  t o  e x p la in  s e t  p ro cedura l r u le s  In  s o lv in g  
problem s. The da ta  In d ic a te s  th a t  p u p i ls  o f  a h ig h e r
m athem atical a b i l i t y  s tru g g le  to  so lv e  problem s Independen tly  and 
a ls o  re q u ire  gu ided In s t r u c t io n .
I t  i s  necessary to  a ttem p t to  e x p la in  why th e  p u p ils  ta u g h t by 
e x p o s ito ry  methods b e n e f l t te d  more than those ta u g h t by d isco ve ry  
methods. Perhaps In  th e  schoo ls  In vo lved  In  th e  experim ent 
th e re  has been v e ry  l i t t l e  d isco ve ry  te a ch in g  because o f  th e  
p re ssure  t o  com plete th e  s y lla b u s . The experience o f  th e
rese a rche r Is  th a t  most p u p i ls  (and t h e i r  p a re n ts )  a re  In te n t  on 
a ch ie v in g  th e  h ig h e s t p o s s ib le  symbol In  M athem atics In th e  





th e  necessary symbols to  q u a l i f y  fo r  en tran ce  to  r e s t r ic te d  
fa c u l t ie s  a t  U n iv e rs ity  and o th e r t e r t ia r y  In s t /  tu t lo n s . The 
r e s u lt  Is  th a t most te ach e rs  a t Mafcrlc le ve l compfebe the 
sy lla b u s  as soon as p o s s ib le  and Im m edia te ly s e t t h e i r  p iip M s on 
t o  p a s t e xa n ln a tlo n  papers. T h is , In  tu rn , r e s u lt s  In  the
piq»l 1 s becoming e x p e rt a t  hand) In s  p a r t ic u la r  types o f problem s 
w hich r e g u la r ly  appear In  th e  e n d -o f-y e a r exa m in atio ns. In  t h is  
way a d i l i g e n t  p u p il may cove r a l l  th e  types o f  qu e s tio n s  th a t 
appear In  th e  exam inations and, because th e  qu e s tio n s  on th e  
exam ination a re  so rx-sd lcfcab le, such a p u p il stands a ve ry  good 
chance o f pass ing  w e l l .  Webb < 198‘ls p . 117) b e lie v e s  th a t  the 
« t io n  has a n e g a tiv e  e f fe c t  on the prom otion o f  good 
s  towards problem  s o lv in g  :
" f o r  any pup?i w i l l  f in d  th e  problem  In  th e  exam 
paper d e c e n tly  fo rm u la ted , and can assume th a t  kite 
problem  Is  s o lu b le  w )th in  a  reasonab le  tim e  by means 
o f s ta nd ard  te chn iq ue s . In  South A fr ic a n  maths
exams th e  re le v a n t te chn iq ue Is  h e a v i ly  cued by the 
p o s it io n  o f  th e  problem  In  th e  pape r. I f  I t ' s  
q u e s tio n  3 In  paper 1» i t  swjst be done by gra ph in g  a 
qu ad ra tic**.
A nothe r p o s s ib le  e x p la n a tio n  f o r  th e  poor perform ance o f  the 
Experim enta l Group was th e  lack  o f  tim e  to  de ve lo p  mn approach to  
p ro b le m -so lv in g . I n s u f f ic ie n t  tim e  may have been had to  a llo w  
the p u p i ls  to  develop t h e i r  own s tra te g ie s  f o r  p ro b le m -so lv in g . 
In  a s im i la r  experim ent L a r i don <1961) developed s tra te g ie s  ove r 
a lon ge r p e r io d  o f  tim e . The r e s u lt s  o f  t h is  rese a rch  In d ic a te  
fcltat bite Experim ental Group d id  s ig n i f i c a n t ly  b e t te r  than the  
C on tro l Group In  qu e s tio n s  where a pro pe r unde rs tan d in g  o f  b a s ic  
concepts o f  d i f f e r e n t ia l  c a lc u lu s  was re q u ire d . More tim e  was 
spent w ith  th e  Experim ental Group than w ith  the  C on tro l Group 
a lth ou gh th is  Was regarded as n o t be ing  o f  ap p re c ia b le  e f fe c t .
I t  Is  a ls o  p o s s ib le  thsfc sane p u p ils  d id  n o t g iv e  o< t h e i r  be s t 
as they knew th a t  th e  marks ob ta in e d  on th e  L in e a r Pro©remmlng 
cou rse  would n o t have any e f fe c t  on t h e i r  en d -o f-ye a r prom otion 
m arks. I t  seems t o  be th e  case th a t  some p u p ils  t r y  t h e i r  be s t 
o n ly  when th e re  Is  p re ssure  on them to  ach ieve h ig h  marks In 
te s ts  th a t  cou n t. However, s in ce  bo th  th e  Experim ental Group 
and th e  C on tro l Group were In  th e  same s i tu a t io n  as regards marks 
n o t co u n t in g  fo r  e n d -o f-y e a r sym bols, 1 t  Is  b e lie v e d  by th e  
re se a rch e r th a t  t h is  e xp la n a tio n  fo r  poor perform ance by th e  
Experim enta l Group does n o t seem l i k e l y .
I t  may be th e  case th a t  to o  much was expected o f  th e  Experim ental 
Group by the rese a rche r. G e ld lnhuys (19 85 ) b e lie v e s  th a t  s im p ly  
'p re se n tin g  problem s and exp e c tin g  s o lu t io n s  in  L in e a r Programming 
Is  ask in g  to o  much o f  h ig h  schoot p u p i ls .  He argues:
" s e k e r l lk  sa l *n mens n te  d ie  b e g r lp  l ln e e re  
p rogranm ering In  d ie  k lsskam er In voe r deur le e r l ln g e  
met so *n probleem  te  k o n fro n te e r n le .  Ek d in k  da t
"n mens ee rs  d ie  op losslngsm etode moet v e rd u ld e l lk
en dan oorgaan t o t  d ie  o p lo s  van p rs k tle s e  
p ro b lem e ."
He acknowledges th e  weakness 1n t h 's  e x p o s ito ry  approach.
"D ie  nadeel verbonde aan so n benaderlhg Is  d ie
m oontl Ikh e id  d a t w e rk llk e  p ra k tle s e  problems 
afgeskeep sa l word en d a t d ie  waarde van l ln e e re  
progranm ering dan heeltem aal v e r lo r e  s a l wees".
I t  would be t r a g ic  t o  a llo w  p u p ils  t o  be "spoonfed" to  th e  degree
th a t  th ey  become com p le te ly  In e p t on any form  o f  In d iv id u a l
problem  s o lv in g  s tr a te g ie s .  C arpenter (1980 ) reg a rds  th e  
s i tu a t io n  as be ing  ve ry  s e r io u s  when!
"s tu d e n ts  see maths c l a s s t] me as a tim e to  be 
pa ss ive , w a tch ing  te ach ers dem onstra te r u le s  th a t 
th e y  must memorize and p ra c t is e " .
P u p ils  shou ld  become more a c t iv e  In  th in k in g  abou t and deve lop ing  
t h e i r  own s tra te g ie s  fo r  problem  s o lv in g . When p u p i ls  encounter 
d i f f i c u l t i e s ,  th e  te ach er who t r i e s  to  remedy th e  s i tu a t io n  by 
s o lv in g  the problem  h lm s a lf  Is  n o t encourag ing th e  a t t i tu d e s  
necessary fo r  th e  p u p i ls  to  become good problem  s o lv e rs .  
Brousseau (1984 ) b e lie v e s  such a c t io n  on th e  p a r t  o f  th e  teacher 
is  a c tu a lly  c o u n te r-p ro d u c tiv e  as:
"e v e ry th in g  he does to  make th e  p u p il produce the  
behav iou r he exp ects  tends to  d e p r ive  th e  la t t e r  o f  
th e  c o n d it io n s  necessary fo r  un de rstand ing  and 
le a rn in g  th e  n o tio n  concerned. I f  th e  te ach e r says  
what he w ants, he can no lo n g e r o b ta in  I t " .
aEOMENOATIONG
I t  I s  b e lie v e d  th a t  d is co ve ry  methods a re  n o t be ing  used In South 
A fr ic a n  h ig h  scho o ls  as e x te n s iv e ly  as they cou ld  be . Research 
Is  needed on ways and means o f  Im proving p u p i ls *  and te ach ers* 
a t t i tu d e s  towards problem  s o lv in g  In  m athem atics. Or A M e lje r  
In  La rld o n  (1981: p . 15) sums uf» th e  problem  :
"The most im p o rta n t change th a t  I would l i k e  to  see 
Is  n o t s t r i c t l y  one In  s y lla b u s , b u t a change o f 
a t t i tu d e .  1 have ga ined th e  Im pression th a t  th e  
pre sen t te ach in g  system is  geared fa r  to o  much
towards g e t t in g  passes In  th e  m a tr ic u la t io n  
exa m in a tio n . Consequently, th e  p u p ils  appear to  be 
coacl>ed In  s o lv in g  c e r ta in  s ta nd a rd  types o f  problem s 
(nam ely those th a t  appear re g u la r ly  In  th e
exam ination p a p e r ) .*'
X.
/Vi a l te r n a t iv e  method o f assessment In s te a d  o f  th e  M a tr lc  exam 
needs to  be researched. The overemphas I s  o f  th e  Im pc.'tance o f 
t h is  exam Is  to  encourage s tu dy  p a tte rn s  d ia m e tr ic a l!y  opposed to  
what Is  expected a t  t e r t ia r y  le v e ls .  F le tc h e r  (19 85 ) I d e n t i f ie s  
t h is  as one o f  th e  main reasons fo r  th e  h ig h  f i r s t - y e a r  fa i lu r e  
r a te  a t  U n iv e rs ity .
"The e ve r-p re se n t spe c tre  o f  f in a l  exam inations 
p la ces  p re ssure  on te ach ers to  re g a rd  them selves as 
be ing  p e rs o n a lly  re s p o n s ib le  fo r  e n su rin g  th a t th e i r  
p u p i ls  pass. T h is  Is  c le a r ly  reco gn ise d  by th e
p u p ils  who can s a fe ly  s i t  back and r e ly  on t h e i r  
te ach ers  to  make su re  th a t th e y  do enough work to  
succeed."
F le tc h e r  (1985 ) b e lie v e s  th a t  teachers  a t  school le v e l a re  i 
t o  acce p t th e  r is k  o f  a llo w in g  p u p ils  t o  r e ly  on t h e i r  
rese a rch !
"The p u p ils  know p e r fe c t ly  w e ll th a t  th e  te ach er 
w i l l  e v e n tu a lly  g iv e  them a l l  th e  In fo rm a tio n  on a 
p la te  so th a t  th e  exam ination r e s u lt s  w i l l  n o t be 
Jeopard ised , T h is  Is  p a r t ic u la r ly  appa ren t In
te a c h e rs ' penchant f o r  su p p ly in g  t h e i r  c lasse s  w ith  
eve ry  la s t  d e ta l1, as opposed to  th e  U n iv e rs ity  
approach o f  p ro v id in g  a broad o u t l in e  In  le c tu re s , 
le a v in g  I t  up to  th e  s tu d e n t to  In s ta l l  the
pa d d in g ."
W ith  reg a rd  t o  th e  e n d -o f-y e a r exam ination I t  Is  suggested th a t 
th e  exam ination become le s s  p re d ic ta b le . The exam should
In c lu d e  . more q u es tio ns  th a t  re q u ire  In s ig h t  and In vo lve  more 
meaning and un de rstand ing  as opposed t o  qu e s tio n s  th a t  a re  so lved 
bv r o te  te chn iques.
Research must be done In  e f fe c t iv e  ways to  t r a in  teachers In  
problem  s o lv in g . In  t h is  reg a rd  Webb ( 19 (H :p .119) sees th e
In tro d u c t io n  o f  m athem atica l magazines as a s te p  In  th e  r ig h t  
d i r e c t io n .  Problems ap pearing  In  such magazines would promote
b e t te r  problem  s o lv in g  s tra te g ie s  on th e  p a r t  o f  th e  te a c h e rs .:
” X want to  s u b ve rt a system w hich encourages p u p ils  
to  v iew  m athem atics as a s e t o f  r u le s  to  be 
memorized. I  want te ach ers  t o  be th re a ten ed
( 'ch a lle n g e d * would be a more t a c t f u l  word) by t r ic k y  
pro b lem s."
Webb sums up th e  r o le  o f  te ach ers  In  te a ch in g  p ro b le m -so lv in g  
th u s  ( p . 119):
"How do you teach p ro b lem -so lv ing ?  You so lve  
problem s y o u r s e lf  and r e f l e c t  on yo u r own though t 
processes. T h a t 's  what I  want te ach ers  to  do .”
I t  Is  , ‘ecarroended th a t  In -s e rv ic e  courses on L in e a r Programming 
a ttem p t to  develop th e  d e s ira b le  a t t i tu d e s  towards problem  
s o lv in g  In  te ach ers  them selves. D iscove ry  methods w l11 then be 
a p p re c ia te d  by th e  te ach ers  who can pass on t h e i r  experiences to  
th e i r  p u p ! Is ,  Beeby (1966) p la ces  th e  te ach e r a t  th e  fo ca l 
p o in t  o f  In n o va tio n .
'T h e re  Is  one th in g  th a t  d is tin g u is h e s  te ach in g  from 
a l t  o th e r p ro fe s s io n s  except perhaps th e  Church -  no 
change In  p r a c t ic e ,  no change In  c u rr ic u lu m  has any 
meaning un less th e  te ach er understands arid accepts 
ifc. I f  he does n o t understand th e  new method o r  I f  
he re fu se s  to  accept I t  o th e r  th an  s u p e r f ic ia l ly ,  the  
In s tru c t io n s  a re  o f  no a v a i l .  A t b e s t he w i l l  go on 
do ing  In  e f fe c t  what he has alw ays done, o r  a t  w ors t 
w i l l  produce some tra v e s ty  o f  modern te a c h in g " .
The success o f  th e  weeker p u p i ls  when ta u g h t by e x p o s ito ry  
mebliods would In d ic a te  th a t p u p i ls  ta k in g  Maths sho u ld  be 
stream ed. {'tost pup I Is  who ta ke  Maths on t/ ie  Standard  Grade
shou ld  be ta u g h t by e x p o s ito ry  methods to  ach ieve  besb r e s u lt s .  
F or th e  b e t te r  p u p i ls ,  e x p o s ito ry  methods sho u ld  be re p la ce d  to  
some degree by c o n s is te n t ly  used d isco ve ry  methods ove r h longe r 
p e r io d  o f  tim e . T h is  may h e lp  t o  Improve th e  a t t i tu d e s  re q u ire d  
to  hand le th e  s u b je c t a t  U n iv e rs ity .
Textbooks shou ld  in c lu d e  more d is c o v e ry - ty p e  e x e rc is e s . P u p ils  
w i l l  be encouraged to  beccme more Independent In problem  
s o lv in g . A l l  p u p i ls  shou ld  be encouraged to  e n te r  M athem atica l 
c o m p e tit io n s . Webb (1984 ) sees these as an Im po rtan t means o f
moving m athem atica l ed uca tion  from  s tage 2 to  s ta ge  3  o f  the  
Beeby m odel. In  a s tudy o f  th e  e f fe c t  o f  computer a s s is te d
m atliem atlcs In  schoo ls  In  Soweto, H e trow lch  (1985) b e lie v e s  th a t  
th e  t r a n s i t io n  from s tage 2 to  s tage 3
"can be made by a c c re tio n s  o f  knowledge and s k i l l s  
w ith o u t any chartge In  ed uca tion a l ph iloso ph y” .
Research on such knowledge and s k i l l s  Is  u rg e n tly  needed. 
SUGGESTIONS FOR FURTHER RESEARCH.
F u rth e r  rese arch  Is  needed on th e  e f fe c t iv e n e s s  o f modern le a rn in g  
th eo ry  In  deve lo p in g  p ra c tic e s  which encourage c r e a t iv i t y ,  
im a g in a tio n  and In tu i t io n  In  p u p i ls ’ m athem atical experiences.
Research Is  a lso  needed on more e f fe c t iv e  ways o f  te a ch in g  "w ord 
problem s" to  p u p i ls  a t  d i f f e r e n t  stages o f t h e i r  school log  
( In c lu d in g  J u n io r  s ch o o l) .
" r' , ,.„K~ 'Wm
I t  Is  suggested th a t  a r e p e t i t io n  o f th e  p r a c t ic a l aspects o f  t h is  
rese a rch  be un de rtaken. Research on th e  typ e o f  "m ix "  o f  
e x p o s ito ry  and d isco ve ry  methods o f  te a ch in g  which y ie ld s  op tim al 
le a rn in g  would be u s e fu l.
 *. kirks*-***> ... J&La A..
APPENDIX I
MOTIVATION QUESTIONNAIRE
MY IDEAS ABOUT MATHEMATICS
For- each o f  th e  fo llo w in g  20 s ta tem e n ts , p la ce  a t ic k  In  the column 
you c o n s id e r bo be m ost a p p ro p r ia te .




S tro n g ly  Agree
1. M athem atics Is  b e lie v e d  to  be th e  
most re p u ls iv e  o f  a l l  school s u b je c ts
2 . M athem atics In vo lve s  more work than 
m ost s u b je c ts
3 . M athem atics must be ta u g h t in  a 
r ig o ro u s  d e du c tive  way
«t. P u p ils  sho u ld  be a llo w e d  to  develop 
Independent s o lu t io n s  to  problems
5 . The s tu d /  o f  m athem atics tends to  
d u l l  th e  Im ag ina tion
6 . The Im po rtan t th in g  Is  to  DO mathe­
m a tic s  and g e t r ig h t  answers and 
understand la te r  what has been done
7. A l l  m a tr 'c  p u p i ls  shou ld  do Mathe­
m a tic s  on one o f  th e  a v a i la b le  grades
0. M athem atica l problem s sho u ld  be one o f 
the most Im po rtan t s u b je c ts  o f  the 
sy11abus
9 . M athem atics a t  school bears l i t t l e  o r  
no r e la t io n  to  th e  re a l w o rld
< y
10. Too many lessons eaoh week a re  devoted 
to  M athem atics
11. "P ra c t ic e  makes p e r fe c t "  Is  th e  most 
Im po rtan t r u le  In  te ach in g  Mathematics
12. I t  1s Im po rtan t th a t  c h ild re n  s liou ld  
a p p re c ia te  elegance In  m athem atica l 
p ro o fs
13. M athem atics shou ld  be ta u g h t 1n such a 
way as t o  l e t  th e  p u p ils  r e a l l y  th in k  
fo r  themselves
14. Regular a r i th m e tic  p r a c t ic e  Is  th e  most 
Im po rtan t con te n t fo r  p u p ils  o f  below 
average a b l11ty
IB . M athem atics te ach ers  shou ld  n o t be 
concerned w ith  a p p l ic a t io n s  o f  mathe­
m a tics
16. The m ost Im po rtan t fe a tu re  o f  mathe­
m a tics  Is  th a t I t  I s  u se fu l to  the  
In d iv id u a l
17. Teaching shou ld  con ce n tra te  on the 
con te n t o f  the exam ination  and n o t on 
to p ic s  which may be o th e rw ise  In te re s t -
10. Top ics  n o t on th e  s y lla b u s  m ust be 
avo ided com p le te ly
19. Parent's reg a rd  m athem atics «s be ing 
ve ry  use fu l
20. Geometry problems, a re  to o  d i f f i c u l t .

vAPPENDIX I I  
DIAGNOSTIC TESTS 
A p p lie d  towards the end o f  S td . 9  academic y e a r. CAdapted from
Classrocm M athem atics. L a r i do., e t  a t . )  
N .C.s Use o f  c a lc u la to rs  n o t a llo w e d . 
Mark o n ly  th e  c o r re c t response.
1. The s o lu t io n  s e t to  th e  system
x 2 -  xy *  3x = 0
b ) {(0 5  a ) ;  8 6  R)
c )  t(0 5  3 ) )
d )  « a i  a* 3 ) {  a6R >
e> « 0 5  3 )5 (25  5)>
5 . A and 8 a re  th e  ro o ts  o f  2x2 -  6x ♦ 
The v a lu e  o f  A2 *  Ba ls«
e ) none o f  th e  rf>ove
3 . The x  In te rc e p ts  o f  th e  graph o f y = 
(A  5 0) and (B  } 05. Hence;
a )  A ► B <= 9
b )  A -  B = 3
d ) A + 8 ** “ 3
O) AB a -6
[
1 5 = 0  ,1
I
I
'  A * .
Which one o f  th e  fo llo w in g  s ta tem ents  Is  fa ls e *
a )  t / x  > 0 => x  > 0
b ) l / x  < 1 »> x > 1
c )  X2 < I => X > -1
d> x  = 1 ®> x2 = I
e )  x 2 < 1 => -1 < x  <1
Which one o f  th e  fo llo w in g  s ta tem ents  Is  t ru e '
a )  <x -  2 X x  *  3 )  -  0 »> x  = 2
b )  2X > 3y => -6  < - 9 k
c )  x2 -  2x = 0 => x  = 2
t!> x 2 -  x  -  6 = 0 => X = 2 ! -3
e )  x 2 > -1 => x  > 2
Ax2 > Bx *  C = 0 has B = 0, C > 0, A < 0
The ro o ts  o f  th e  above eq ua tion  a re :
a )  always re a l
b )  always no n-rea l
c )  always r a t io n a l
d )  ze ro  o r  o th e rw ise  Im ag lnw y
a )  alw ays I r r a t io n a l
7. I f  x  -  16 > 0 and x < 4 ,  then*
a )  x  < -  -1 and x  = 4
b )  x  < -  4 and x  > 4
c )  -  4 < x  < 4
8 . xy  = 275 4y -  x  = 35 x  < y
Thus y  -  x  »
9 . The 91'a ph o f  y  = -2  <2x -  6 )2 *  1 Is  sym metric w ith  
re sp e c t to  th e  l in e !
10. The p o in t  on xy  = 16 , x  > 0 w hich Is  ne a re s t to  th e  o r ig in
c )  (-4 5  ~4)
d) ( \ /  k 5 « /k >
e ) (16? 1)
AOB 1s a d iam ete r o f  c i r c le  ACDB.
I f  DAB b 30° then th e  magnitude o f  x  I;
12. I f  AS = 8 u n i ts  and OC = 3 u n i ts ,  th en  OB 
has a le n g th  o f :
10 u n its
none o f  these
11. I f  P Is  th e  p o in t  o f  in te rs e c t io n  o f  th e  
a l t i tu d e s  o f  A  ABC and P.] = 100°, then 




(doub le  angle Formula s u p p lie d )
equal s': (N O
a) 1  1/3
1  2 /5
d 1
e)
<A < 90 , klien cos A -  s in  A
17. I f  s in  x  = m and ten x  = n , then cos x  is  equal to :
cos2 A •  1 /4 and A €  < 0 °i 36 0°). In d ic a te  which
one o f th e  fo llo w in g  co n ta in s  a l l  th e  e lem ents o f  th e
s o lu t io n  s e t :
a )  ( 60* ;  120*; 240*; 300*)
b )  (6 0 * ;  150°; 210*5 330*)
C) (6 0 * ; 120*)
d> (6 0 * ;  150*)
* )  (3 0 ° ;  150*; 210*5 330°)
13. Tan A and cos A a re  bo th  n e g a tive .
a )  A &  (0*5 180*)
b )  A 6  (180*5 270°)
c )  A &  (90*1 180°)
d )  A 6  (2 7 0 * ; 360*)
e )  fo r  no v a lu e  o f  A
20. cos 36 * = C, w h ich  o f  th e  fo llo w in g  Is  jQfit c o r re c t?
a ) sec ( 216° )  -  -U—
b ) ten  ( -3 6 ° )  = -1  -  02
c )  cos ( -  3 6 °) “  -C
d ) s in  (5 4 ° )  = C
e ) s in  (1 2 6 °)  = C
x /
APPEfCIX i l l  >’
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PRETEST
Assessment o f  p u p i ls  knowledge o f  1)neat' In e q u a li t ie s .  }
I .  Sliade [ ( x i y )  /  -  gx + 1 < y  < x  -  t }  \
I
9. Suppose x  re p re se n ts  th e  number o f  g i r l s  a t  a coeducationa l
school o f  to ta l  p o p u la tio n  500. ;
y i-epresen ts th e  number o f  boys.
I f  tl->ere a re  a t  le a s t tw ic e  as many boys as th e re  a re  g i r l s  r
s lxw  d ie  s i tu a t io n  g ra p h ic a l ly .  t
APPENDIX IV
POSTTEST
An o l i  company re f in e s  crude In to  Premium and R egu la r. Two 
processes a re  Invo lved* d i s t i l l i n g  and c ra c k in g . Regular 
re q u ire s  0 ,3  hours c ra c k in g  and 0 ,6  hours d i s t i l l i n g  p a r 100 
l i t r e  and Premium re q u ire s  0 ,6  hours c ra c k in g  and 0 ,4  hours 
d i s t i l l i n g  pe r 100 l i t r e .
The c ra c k in g  p la n t  can op e ra te  fo r  12 hours a day w h ile  th e  
d i s t l  H a t lo n  p i n t  op era tes fo r  18 hours a day.
The p r o f i t s  to  th e  company a re  8c a l i t r e  on Regular and 12c
F ind  th e  m ix th a t  th e  company sho u ld  run In  o rd e r to  o b ta in  
maximum p r o f !k .
I )  Graph th e  fe a s ib le  s e t .  s u b je c t to  th e  fo llo w in g  
c o n s tra in ts :
0 ,2y  + 0 , ix  < 12 
0 , 1y *  0, 2k  < 10
I I )  Maxim ise th e  o b je c t iv e  fu n c tio n
P = 5x *  2y ove r th e  fe a s ib le  s e t In  ( 1 )  by means o f 
a  g ra p h ica l method w hich you must d e sc rib e  f u l l y .
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